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103 THE CRYSTALLINE STATE. Specific heat. For 1 joule = 

4.185 cal read 1 cal =- 4.1K5 joule. 

104 Column headed A , line Se. For 1.2 rciul 12. 

110 Index No. 246 For Mol. wt. 118.091 read 132.109. 

194 Index No. 1101. For CH 3 (C,H 7 )CH S NH, read CH,(C a lIi)- 

CHNH*. 


Page 

215 Index Nos. 2387 to 2394. Add note: For more accurate data, 
see 1, 61 : 1544; 29. 

240 Index No. 3993. Column headed d. Add: At 0°C. 

295 For Isohydroxydimethylurea read Isohydroxydimeth yluric 
acid. 

300 After —5: delete 40. After 2: insert 40. 
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VOLUME II 


Page 

167 Last line. Transpose 27.2 from fourth to third column under 
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340 Line at head of table. Add: For temperature = 17.5°C. 

415 Diagram for Na-Pb. Add literature reference: Calingaert 
and Boesch, 1, 46: 1901; 23. 


Page 

418 Zn-Sn-Bi and Pb-Sn-Bi diagrams. Add note: For best values 
of the binary eutectics, see the binary diagrams, p. 414 and 
p. 416. 
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Page 

20 O. — For 1.447 at the B. P. read 1.1447. 
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VOLUME IV 


Page 

166 Index No. 1826. At 54.0°C for 51.8 read 58.1 Wt. % A. 
242 For K a S0 4 .Cr s (S0 4 ) 3 read KCr(S0 4 )*. 

248 Literature citation ( 17S ). For 01 read 00. 


Page 

470 CgHjsO, Octyl alcohol. For column head M/g H 3 0 read 

M/kg H,0. 


ERRATA 
VOLUME V 


Page 

54 Second column. Change in Radius with Time. Column 
2. For Air read C0 2 . 

80 A-Table. Air. y at -79°C. For 3.33 read 2.33. 

93 Literature citations for Ir. For ( 3 ) read Behn, 8, 66: 237; 

98 and for ( 85 ) read Violle, 34, 89: 702; 79. 

113 H a O, Water. In Note: /or increased read decreased and for 
4.185 cab* read 1 cal| 6 = 4.185 joule. 

147 HEAT OF ISOTHERMAL COMPRESSION. For 10 
read lO^Q. 

International Critical Tables, Volume VI. 


Page 

248 SYMBOLS AND NUMERICAL RELATIONS. Definitions 

for k and kg. For X 0 read X. Definition for n. For 
X 0 /X read X/X w . Column 2, line 15. For X read \ m . Line 
16. For X 0 read X. 

249-252 inclusive. Introductions to Tables 1 to 4 inclusive. 
For X 0 read X. 

358 Literature citation ( 458 ). For 237 read 637. 

388 Figure 1. For J*Ca,(P0 4 )« read KCa,(P0 4 ),. 
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PREFACE TO VOLUMES VI AND MI 

At an early stage in the development of the project it became necessary to determine the size of International 
Critical Tables in order that tine requisite financial estimates might be* prepared. At that time it was estimated 
that 2500 pages would suffice, and on this figure the financial requirements of the editorial office and the selling 
price of the work were based. In the course of the preparation of Volume IV it became apparent that 2500 pages 
would be insufficient, this being due largely to the phenomenal increase, during the last decade, in the amount of 
scientific work published. 

To the problem thus presented to the Editorial Board only three possible solutions appeared: (1) To eliminate a 
large proportion of the data in each of the unpublished chapters, thus destroying entirely the completeness aimed for 
and promised. (2) to omit a considerable number of chapters in order to preserve the completeness of those selected 
for publication; (3) to expand the publication program to the extent of two additional volumes and to raise the 
considerable sum of money required to finance the publication of these additional volumes at the same subsenption 
price per volume as the original five. The third solution appeared to be the only logical one. 

Through the generous financial support of the Research Corporation, the Chemical Foundation, and the United 
States Steel Corporation, it has become possible to finance the publication of Volumes VI and VII and thus to carry 
out the editorial program without sacrifice of completeness. 


The Board of Editors. 
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J -PHEN O MEN ON IN X-RAYS 

C. G. Barkla 

As the wave-length (X) of the homogeneous (unifrequent) beam 
of X-rays incident upon a thin sheet of absorbing substance is 
varied, the absorption by the sheet varies discontiriuously at 
certain values of X. These absorption edges (or occasionally lines > 
are sharply defined, and correspond to the frequency required to 
excite the characteristic radiation ( K , L, M, etc.) of the absorber. 

When the incident beam is heterogeneous (multifrequent) and 
its “effective” X is varied, similar sharp discontinuities in the 
al sorption may occur. The “effective” X is here defined as the X 
of that unifrequent radiation for which the ionization produced in 
a short air-electroscope is reduced to one-half its value by such a 
thickness of Al as will produce the same reduction in the ionization 
of the incident multifrequent beam. It may be specified either in 
Angstrom units, or by the “effective” mass-absorption-coefficient 
( m/p ) for the incident beam, as determined by the equation 
e~* m = 0.5, where x is the thickness of Al required to reduce the 
ionization to 0.6 its yalue; p = density of Al. It must be empha- 
sized that a discontinuity is not associated with either the minimum 
X or the X of maximum intensity of the incident beam, but with 
some kind of average for the whole beam — possibly analogous to 
temperature. Also neither the “effective” (m/p)ai, nor “effect- 
ive” A, is an absolute constant in a given substance; it varies 
somewhat with other factors for the radiation, which are not yet 
measurable. The critical “effective” (m/p)a i and “effective” 

X are thus approximate only. They are only tentative and cannot 
precisely express the complex quantity involved. 

What appear to be distinct series (J\ t J\ . . - ) of discon- 
tinuities have been observed. Later work has shown that under 
certain conditions, intermediate discontinuities occur ( 4 ). It is 
possible that a true measure of the fundamental factor involved 

1 


will show the critical values for one senes to be identical in various 
substances. 

Only tentatively then is the following table given. 

/-Absorption Edges ( l > 4 ) 

(p/p) o.* = “effective” mass absorption coefficient in Al for the 
multifrequent radiation corresponding to the edge; K = wave- 
length of unifrequent radiation for which mass absorption coeffi- 
cient of Al = (m/p) o.&. “Effective” coefficient is computed from 
thickness required to reduce ionixation by 60 %. Unit of (m/p)«.* =* 
1 cm*/g; of X «=* 1 Angstrom. 


Absorber 

(m/p)o.s 


X 

t 


Jx 


/» 

AV 

/» 

J* 

J , 

A** 

C6 



1.05 




0.39 


N7 . . .’ 


2.5 




0.55 



08 

>4 

2.2 

0.83 

0.47 

>0.66 

0.5 

0.355 

0.28 

A113 

3.8 

1.9 

0.7 

0.34 

0.63 

0.49 

0.335 

0.23 

8il4 1 

i 

1.85 




0.493 



S16 


1.7 




0.48 



C\l30 

3.5 

1.46 

0.6 


0.61 

0.45' 

0.315 


Ag47 

2.0 

1.4 



0.5 

0.45 



Pt78 



0.57 




0.306 


Au79 



0.54 




0.30 



* J *. Ji, or J\ and J 
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INTERNATIONAL CRITICAL TABLES 


POLARIZATION OF X-RAYS 


C. G. 

in ToL P ? i a 1" ktiOD > ° f Primary X - rays was discovered by Barkla 
in 1904 (i, *), and m 1906 (3) he found that certain scattered 

icnsitv r m 8t COmP ' etely P ° ,anMd: the 'nnization method of 
intensity measurement was used. By photographic methods it 

as been shown that heterogeneous primary radiation from a 

'plrizedT ! k aD t heter ° K ~ scattered radiation (Tam 
Mamed, that the homogeneous characteristic radiation after 
reflection in a direction at 90° to the incident radintinn ; e • , 

ex d ted 'by 

the incident beam is 

aJTa“iL^^^^ » 2 maxima 

to a minimum (m) is 90°. If the incident beam & maXlmur " 
unpolarized radiation of intensitv ff lnH r "° mpounded °f 

Hence, fraction p ' whkh i plane = ^ + 0 5R >^R). 

or - 2 /m - PAP +V S «, re “” "“*>»” w .. 

P\m ■ De0REB 0F Polarization op X-R AY8 

p - p /( p '+ e R)Tc y =V/(p n + o°iT) Zed // f fT l P °d ari2 t edl ' on8 . tituent : 

radiation is hard [soft]. ExceDt whore t\ ,ndlcates tha *- incident 
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Perrin ( 53 ) and, later, Curie and Sagnac ( 27 ) observed that all 
kinds of matter emit electrons ( 28 ) when irradiated by X-rays. 
There are two distinct classes of these electrons: Those of one 
class have a high velocity when emitted and are often called p- rays, 
and those of the other have a much lower velocity and are often 
called 5-rays. The latter are much the more numerous ( 65 ) ; 85 % 
of the electrons emitted by gold leaf irradiated by X-rays from a 
Coolidge tube with a tungsten target have velocities lower than 
that corresponding to 2 volt. 

Wilson ( 7S ) and Auger ( 3 » 4 ) have shown by the fog method 
that very often a single atom will emit a group of several electrons. 
In such cases, the X-ray quantum causes initially the ejection of 
an electron from ( e.g .) the K-level. An L-electron replaces it 
and there results an emission of a Xa-ray; this detaches an elec- 
tron from the L-level of the same atom. Two L - rays are thus 
produced and, in their turn, ionize the more exterior levels. The 
initial quantum releases 4 photoelectrons. Thus it may be that 
;..o energy is not emitted as electromagnetic radiation but within 
the atom is transformed to the electronic form. 


VELOCITY OF THE EMITTED ELECTRONS 


High Velocity Electrons. — Among the electrons emitted with 
high velocity are electrons of all velocities, within a certain range, 
forming a "continuous spectrum” which corresponds, at least 
partially, to that of the exciting X-rays. There are also groups of 
electrons having essentially a common velocity which varies dis- 
cretely from group to group. The common velocity of each of 
these groups ( v . Table 1) has been found (19, 31 , 41 , 58 , 64) to 
satisfy the generalized Einstein relation ( 30 ) m^c 2 ! (1 — p-)~K — 

1 1 “ h* — U’o, where & s t>/c, v = velocity of the electron when 
emitted, v * frequency of the exciting X-rays, w 0 = work done 
by the electron in escaping from the atom. The value of w 0 
depends upon the structure of the atom and the energy-level from 
which the electron is ejected. Values of w 0 may be determined 
Irom ionization potentials (V 0 ) (q.v., p. 09) by the relation e V 0 ** 
(Co, or from critical absorption-limits, or frequency limits of char- 
acteristic X-radiation ( v . Emission of X-rays, p. 23), by the simple 
Einstein relation w Q = hg 0 , where v 0 = frequency limit. Some 
authors ( 6 , 7 ); cf. (®» 12 , 35 , 50 , 61 , 71 , 72 ) have observed in the 
emission from Ag and Sn a few electrons for which tc 0 = 0. For 
gases, w o is in all cases very small, rare gases of high atomic 
numbers excepted. 

If the X-rays are complex, there will be a group velocity corre- 
sponding to each wave-length and to each absorption-level of the 
atom; and superposed upon this emission will be another, arising 
from the fluorescent (characteristic) X-radiation emitted by the 
atoms which are ionized by the primary rays. On passing through 
a magnetic field these groups are spread out into a magnetic spec- 
trum ( 19 ). 

The Einstein relation, having been established in many cases, 
may he used for determining, from the observed velocity of the 
emitted electrons, (1) the energy corresponding to unknown 
levels ( ,3 » 45 ) and (2) the wave-length of the exciting radiation 

( 31 , 69 ). 

Robinson (57) has discovered an interesting relation involving 
the electronic emission from the various subdivisions of a given 
h-vrl. The greatest number of electrons comes from the sub- 
•hvisioj of smallest energy, (e.g., L m ), provided that the critical 
frequency (L) of the element is not too much smaller than the fre- 
quency of the incident X-rays. But as the critical frequency is 
successively reduced by passage from element to element ( i.e ., as 
it differs more and more from that of the X-rays), the maximum of 


intensity of the secondary electrons is displaced towards the su 
division of greatest energy (L/). 

I rom observations with gases Whiddington ( 7 ») found th 
la ' an electron lias passed a distance x through matter 


velocity has been reduced from e 0 to v x , such that v* Q — v* = ax, 
where a is a constant characteristic of the matter. If the unit of a 
is 10 <0 cmVsec 4 , the value of a for air is 2, for A1 is 732, and for 
Au is 2540. If R = range (unit = 1 cm) in air (t «* 20°C, p -= 1 
atm.) of electrons which have e velocity which may be annulled 
by a potential difference = V (unit = 1 volt), then (Wilson ( 74 > 
75 )) V = 21 000 y/ R if 0.1 < R < 1.5; this agrees well with 
Whiddington ’s expression. 


Table 1. — Energy ( E ) of Electrons Emitted by Elementary 

Substances under the Action of X-Rays 

Observed energy: E = eV; calculated energy: eV' = hi* — u> 0 ; 
Rad. = exciting radiation; Lev. energy-level from which elec- 
tron is ejected. X-rays are generated in a Coolidge tube with 
target of the material indicated. Estimated precision and observer: 
Cu target (56), 0.5%; Rh target (»»), 2%; Rh target ( 73 ), 1.5%; 
W target 0*), 2%. Unit of V and V* - 1 volt. 


V 

j Rad. 

| Lev. 

V 


Ag \ Z = 47; 

target =* Cu 


4 237 

Ka, Cu 

L x 

1 

3 152 

Ka, Cu 

U 


4 695 

Ka, Cu 

U 


7 382 

Kci\ Cu 

A/,., 


7 498 

Ka i Cu 

a/ 3 


7 708 

Ka\ Cu 

Mi - M b 


8 006 

Ka , Cu 

N 



Ag; Z =*47; target <= W 


17 940 

Ka Ag 

L 

18 020 

20 900 

Kp Ag 

L 

20 860 

32 760 

Ka W 

K 

32 880 

40 990 

Kp W 

K 

41 520 

55 140 

Ka W 

L 

54 730 


Al; Z = 13; target = Rh (73) 


18 440 

Ka Rh 

K 

18 600 

20 660 

Kp Rh 

K 

21 110 


As; Z = 33; target = Rh (73) 


9 135 

Ka As 

L 

9 094 

10 330 

Kp As 

L 

10 290 

11 110 

Kp As 


11 730 

18 190 

Ka Rh 

L 

18 720 

20 800 

Kp Rh 

L 

21 230 

23 170 

Kp Rh 


22 670 


Au; Z = 79; target = Cu 


4 595 

Ka, Cu 

M, 


4 875 

Ka , Cu 

M, 


5 291 

Ka, Cu 

A/ s 


5 756 

Ka, Cu 

M , 


5 843 

Ka, Cu 

; a/» 


7 296 

Ka, Cu 1 

\ r 1 r 


7 508 

Ka, Cu j 

A i — A 3 


7 724 

Ka j Cu 

AY* 


8 006 

Ka j Cu 

AY:, O 



Ba; Z = 56; target = Cu 


2 025 

Ka, Cu 

L, 


2 421 

Ka, Cu 

L, 


2 801 

Ka, Cu 

l 3 


3 613 

Ka i Cu 

* 


4 331 

Ka, Cu 

* 


6 733 

Ka i Cu 

Mi 


6 880 

Ka, Cu 

M t 


6 960 

Ka i Cu 

A/a 


7 239 

Ka, Cu 

A/4.6 


7 464 

Ka, Cu 

1 4 M 1 / w r 

(?)KOf 
% « 



* FIuort ‘ 8ce nce. L - M t KO = K - radiation of oxygen 
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7 584 

7 842 

8 036 

20 090 
30 290 

53 500 

4 014 
4 339 

4 844 

5 317 

5 435 
7 065 
7 204 
7 340 
7 513 
7 579 

7 911 

8 518 

10 700 

12 340 
15 140 

19 710 
22 140 

6 920 

7 086 
7 943 

7 078 

7 942 

8 929 

11 110 
12 880 

18 970 

20 660 

22 720 

11 360 

13 660 

19 260 

21 650 

2 841 

3 200 
3 463 

6 947 

7 130 
7 399 
7 906 

23 130 
27 320 

54 650 

5 157 
5 411 
5 509 
7 646 
7 783 
7 989 


Ba; Z 


lia.d. Lev. I 


= 56; target = Cu — (Continued) 

A'a, Cu (?)KCt 

Kcti Cu iV, - A, 

•Ka, Cu A’« - O 

Ba; Z = 50; target = W 
Ka Ba L 

Kp Ba L 

Ka W L 

Bi; Z = 83; target = Cu 


Table 1. — ( Continued ) 


Ka x Cu 
Ka.\ Cu 
Ka , Cu 
Ka\ Cu 
Ka , Cu 
Ka | Cu 
Ka\ Cll 
Ka x Cu 
Kay Cu 
Ka x Cu 
Kay Cu 


Ml 

Ml 

Ml 

Mi 

Mi 

AT, 

Ni 

Ni 

N 4 

A«.t, 0 


Bi; Z = 83; target = Rh (73) 


Rh (73) 


K 

(?)* 

L 

L 


Rh (19) 


La Bi \f 

Lp Bi M 

Ly Bi 3/ 

Ly Bi 

Ka Rh A r 

Kp Rh AT 

Cu; Z = 29; target =* Cu 
Ka x Cu L x 

Kax Cu L, - La 

Kay Cu M 

Cu; Z =*29; target = Rh ( 7 

Ka Cu 
Kp Cu 
Kp Cu 
Ka Rh 
Kp Rh 
Ka Rh 
Kp Rh 
Kp Rh 

Cu; Z = 29; target *» Rh (It 
Kax Rh K 

Kpx Rh K 

Ka x Rh L 

KPx Rh L 

I; Z =* 53; target = Cu 
Ka x Cu Li 

Kax Cu L, 

Ka y Cu Lj 

Kay Cu Af, 

Kax Cu Ml - Ml 

Kax Cu M 4 - Ml 

Kax Cu N, o 

Z = 53; target = W 
Ka I L 

*0 1 L 

*« W L 

Mo; Z * 42; target - Cu 
Kax Cu L, 

Kax Cu L| 

*<*i Cu L| 

*«i Cu (?)Af, 

Kax Cu (?)3f, 

Cu (?)N 


53; target = Cu 
Lx 

Li 

Li 

M i 

Af a - 3f| 
A / 4 - Mi 

N,0 

53; target * W 


r '’ " ^'-radiation of carbon 


Lx 

Li 

L t 

(?)* 


25 600 
30 000 
52 430 


8 395 
10 700 
13 000 
15 310 
19 920 
22 430 


7 119 
•7 983 

8 888 
11 230 
13 740 
19 260 

21 770 

22 670 

11 230 
13 740 
19 180 
21 690 


22 920 
26 460 
53 080 


14 860 
20 210 
19 550 

14 070 
16 630 
38 680 

4 179 
4 468 

4 954 

5 442 
5 557 
7 367 
7 605 

7 919 

16 790 

19 420 

35 800 

21 890 
25 270 
28 810 

8 148 

9 053 

10 290 

17 780 

20 660 

% 

3 563 

3 861 

4 092 
7 146 
7 317 
7 550 
7 928 

20 580 
23 700 
29 220 

36 640 
53 170 

5 793 

6 001 

6 055 

7 473 

7 703 

8 026 

12 020 
13 740 

15 230 
17 530 

16 950 
22 390 


Rad. 

Mo; Z = 42; target =* 
Ka Mo L 

Kp Mo L 

Kp Mo 

Mo; Z = 42; target 


Rh (73) 


W 


Ka Mo 
Kp Mo 
Ka W 

Pb; Z = 
Ka x Cu 
Kay Cu 
Kay Cu 
Kay Cu 
Kay Cu 
Kay Cu 

Kay Cu 
Ka x Cu 


L 

L 

K 

82; target = 
My 
Mi 
Mi 
Mi 
Mi 
Ny.i 
Ni.i 
M, 0 


Cu 


Sn; Z ■* 50; target — Cu 


Kay Cu 
Kay Cu 
Ka x Cu 
Ka i Cu 
* i Cu' 

Kay Cu 
Kay Cu 


Ly 

L t 

Li 

My 

Mi, I 

Ml - Mi 
N 


Sn; Z - 60; target - W 
Ka Sn L 

Kp Sn L 

Ka W K 

Kp W K 

Ka W . L 

Sr; Z - 38; target - Cu 


Kay Cu 
Kay Cu 
*«i-Cu 
*ai Cu 

Kay Cu 
Kay Cu 


Ly 

Lt 

Li 

(?)*(>• 
(7 )M 

(?)AT 


11 520 ffaSr 

13 500 Kp 8r 

■ /f-fidiition of oxygen 


Sr; Z =» 38; target - Rh (7») 
Ka Sr L 

Kp Sr L 

Kp Sr 

Ka Rh L 

Kp Rh L 

Kp Rh 

Sr; Z - 38; target - W 
Ka Sr L 

Kp 8r L 


14 980 
17 120 
19 590 

14 690 
16 910 
38 350 


Rh; Z =45; target 

- W 

Ka Rh L 

16 870 

Kp Rh L 

19 510 

Ka W K 

35 180 

Sb; Z T » 51; target 

= W 

Ka Sb L 

21 930 

Kp Sb L 

25 350 

Kp Sb M 

28 850 

; Z = 34; target ■» 

Rh (l •) 

Kay Rh K 

7 777 

Ka x Se L 

9 547 

Kp Rh K 

10 370 

Kp Se L 

10 780 

Kay Rh L 

18 560 

Kp Rh L 

21 070 


20 820 
24 110 
28 810 
37 410 
53 990 


12 180 
13 870 
15 840 
18 190 
20 700 
22 670 

12 020 
13 790 
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Table 1. — (Continxwi) 


V 

Rad, 

Lev. | 

V' 


W; Z = 74; target * Cu 


5 206 

Ka x Cu 

M x 


6 465 

K.a\ Cu 



5 761 

Kol\ Cu 

M, 


6 148 

Ka 1 Cu 

M 4 


6 226 

Kai Cu 

M% 


7 605 

Ka ! Cu 

N x - Nt 


7 798 

Ka\ Cu 

Ni-Ni 


8 037 

Ka\ Cu 

N t -N,-0 



W; Z = 74; target = Rh ( 73 ) 


6 749 

La W 

M 

6 666 

8 353 

Lp W 

M 

8 312 

9 917 

Ly W 

M 

9 958 

. 11 400 

Ly W 


11 600 

18 310 

Ka Rh 

M 

18 520 

20 330 

Ka Rh 


20 160 

22 390 

Kp Rh 


22 670 


Yb; Z = 70; 

target = W 


41 640 

Ka Yb 

L 

42 840 

48 560 

Kp Yb 

L ! 

49 870 


Zn; Z =30; target = Rh ( 7S ) 


7 777 

Ka Zn 

L 

7 613 

8 847 

Kp Zn 1 

L 

8 559 

9 629 

Kp Zn 


9 547 

10 700 

Ka Rh 

K 

10 990 

13 090 

Kp Rh 

(t)K 

13 500 

18 760 

Ka Rh 

L 

19 180 


Zn; Z » 30; 

target - W 


7 407 

Ka Zn 

L 

7 366 

8 395 

Kp Zn 

L 

8 312 


Low V«loc$ty Electrons. — The velocity with which the slow 
electrons are emitted is independent of the nature of the radiator 
( 63 ). Shearer ( 63 ) attributes these electrons to a secondary 
effect of the rapid electrons and Simons ( 6# » 6e ) to the recoil of the 
atoms from which the rapid electrons are ejected; the latter notes 
a relation between the distribution of the velocities of these elec- 
trons (corresponding to T « 11 000°K) and that of thermions in a 
hot body. Their origin may be associated with the diffusion of the 
incident X-rays, as Compton (2 4 ) has shown that the weakly bound 
electrons can be expelled by a quantum of radiation. 

NUMBER OF ELECTRONS EMITTED 

The total number (n,) of electrons emitted per second is inti- 
mately related to the absorption of the X-rays by the substance. 
The law of fluorescent absorption deduced by Bragg and Peirce, 
rA/p = CZ 4 X a , where r = coefficient of fluorescent absorption 
(coefficient of absorption after correction for scattering), p * 
density, X = wave-length, A = atomic weight, C = constant of 
proportionality, and Z = atomic number of radiator * number 
of electrons per atom, has also been deduced from thermodynamics 
and the quantum theory (*°) and by means of the principle of 
correspondence ( 43 ). It indicates (*i) that the probability of 
.emission of an electron from an atom of atomic number Z under 
action of radiation of intensity (/) and frequency (»») is propor- 
tional to Z A v~ i I. Jauncey ( 88 ) has recently announced the same 
result in a somewhat different form. Throughout this report / 
is defined as proportional to the total number of ions produced, per 
second and per unit of solid angle, by complete absorption of the 
radiation in air. The experimental results are discordant, as 
follows: 

Variation with Emitting Substance. — The value of n t increases 
with Z (Laub ( 44 )), is proportional to Z 4 (Moore ( 4 ®)), is propor- 
tional to Z (Whiddington f 73 )). Shearer ( 63 ) states that for Al, 


Fe, Ni, Cu, Ag, Sn, Au, Pb and Bi, the number (N t ) of electrons 
excited in an atom is N, - K{Z - 10), and consequently n # is 
proportional to the number of electrons contained in an atom. 
Actually, we observe only those which escape from the body and 
the law of variation of the absorption (of the electrons) with the 
velocity is uncertain. This may explain the discordances. 

For salts and gases, n, increases with the molecular weight; for 
CHJ, it is 100 times as great as for air. 

Variation with the Radiation. — For a given /, n, decreases as 
penetration increases, n # <* V~X (Shearer ( 83 )), where V *= tube 
voltage. Hoepner ( 34 ) found n, decreased more rapidly than /; 
Herweg and Mie ( 33 ) found n, oc / even when / was very small. 
To obtain concordant results, the number of electrons belonging to 
each group of uniform velocity should be measured individually, 
and also the number composing the adjacent portion of the con- 
tinuous spectrum, and these should be correlated with the distri- 
bution of I in the spectrum of the exciting radiation. This has 
not been done. 


I, 


DIRECTION OF EMISSION 


— For solids, the number of electrons emitted in the 
direction of propagation of the X-rays exceeds that emitted in the 
opposite direction (10, is, za, 42, 47, 54, ex, 68). This dissym- 
metry is independent of Z and of the physical state of the radiator 
( 51 ); from his experiments with Cu, Wilson ( 74 » 7 *) concludes \hat 
it arises from a curvature in the trajectories of the electrons, 
rather than a dissymmetry in emission. 

Gases. — Long Range Electron s. — A polarization of the X-rays 
leads to a jnarked lateral concentration of the long range emitted 
electrons, in the direction of the electric vector of the X-raya 
( 22 , 74, 75). The emitted electrons are also concentrated longi- 
tudinally in a privileged direction making an acute angle *with the 
direction of propagation of the X-rays. In air, Wilson ( 74 » 75 ) 
found the privileged direction was 45° to the X-rayB, 20 % of the 
electrons were ejected at 90° (result of polarization) and a few had 
a backward component. Using polarized X-rays, Bubb (**) 
found had a forward component, H had a backward com- 
ponent, and K were almost at 90°. In H, Auger (*) found 
privileged direction at 80° and the number of electrons with a 
forward component was about twice as great as that of those with 
a backward one. For halogens, the longitudinal dissymmetry 
increases in the order I, Br, Cl, F, and possibly decreases as the 
tube- voltage decreases (* 8 ). 

Recent experiments (*> •» * 7 , 12) by the fog method show that 
the most probable direction of ejection of a photoelectron is 
nearly that of the electric vector of the incident wave but there is 
an additional component in^ the direction of propagation of the 
wave. This component increases when either the potential 
difference applied to' the tube or the frequency of the X-rays is 
increased ( 4 ). When the X-rays are polarized there is a very 
great preponderance in the number of photoelectrons in the plane 
containing the electric vector of the incident rays ( 22 ). Many 
attempts to account theoretically for this distribution have been 
made. Those of Bubb («); cf. (I 7 ) and of Auger and Perrin (*) 
agree qualitatively with the observations, but neither completely 
agrees quantitatively. 

The origin of the path of a swift electron is marked by a cloud 
of ions due to the simultaneous emission of a slow electron (*). 
The initial portion of the path of a swift electron is straight, but 
deviations % of the following 3 kinds become more and more frequent 
as the velocity decreases: (a) A sudden deflection through a large 
angle, frequently 180 , due to the electron’s passing very near an 
atomic nucleus, (b) A sudden deflection, which may attain 45°, 
due to a collision in su£h a manner with another electron that the 
latter is ejected, generally at 90° to the path of the primary elec- 
tron, with sufficient velocity to give rise to a bifurcated or “branch 
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track of ions, (c) A progressively curved path due to an accumu- 
lation of small deflections of type (6) or, according to some authors, 
to a gyroscopic action of the electron. The end of the path is 
marked by a smaU cloud of ions. Wilson (7 * , 75) thinks he has 
Bhown that, when a tertiary path is grafted upon the main trajec- 
tory the two emissions, at the point where the deflection occurs 
occur at appreciably different times (0.001 sec). (This conclusion 
is similar to Bearden’s (») that the emission of fluorescent X-rays 
occurs 10 5 sec after the arrival of the exciting radiation.) Along 
the entire path there are groups of one or several pairs of ions 
apparently due to short and ramified paths of type (6). 

Short Range Electron,.— Under action of X-rays of sufficiently 
high frequency a secondary emission of electrons of very short 
range (“fish-tracks” of 1 to 2 mm, “sphere-tracks” of a few tenths 
of a mm), which form a distinct class and do not satisfy the quan- 
tum relation, has been observed (is, 74, 75) j n a ) r> H and He 

They are ejected nearly in the direction of propagation of the 

X-rays At a tube voltage of 20 kv, there are no fish-tracks in air 

and sphere-tracks are rare, but as the voltage increases both 

increase rapidly, sphere-tracks become fish-tracks and these 
increase ,n range (67), and pre8ently short range elcctrona are more 

numerous than long range ones. The origin of these electrons is 

e .I^ ned . u y ~ quantum ,heor y of diffusion of radiation as 
teveloped by Compton and Debye; see also ( 24 , 39 ) 


conduction satisfies Ohm’s law; the conductivity conferred by 

irradiation is 3 times as great for monoclinic as for rhombohedral 

sulfur (32). The conductivity of crystals of calcite (CaCO t ), of 

fluorite (CaFj), and of feldspar is increased by radiation (*«), and 

the property of luminescence, previously reduced by heating, is 

restored. The apparent charges of a permanently polarised 

dielectric are temporarily destroyed by exposure to X-rays (*•). 

Cnder action of X-rays, insulating liquids acquire a conductivity 

which satisfies Ohm's law if the potential gradient does not exceed 

about 700 volt per cm; the value of this conductivity for a certain 

unstated radiation is given in Table 2. There is no appreciable 

dissociation of the molecules, cf. (37). Recently, del Regno (**) 

has studied the variation in the electrical resistance of a selenium 

cell subjected to the radiations from mesothorium, and Ross (••) 

has studied the increase in the conductivity of solid dielectrics 

(sulfur, paraffin, ebonite, amber) subjected to X-rays. For 
action of 7 -rays, see ( 3 «). 

Table 2.— Conductivity (C) or Insulating Liquids When 

Exposed to X-Rays (*«, 36) 

Quality and intensity of X-rays are not stated, unit of C - 10” 4 

ohm -1 cm -1 


Formula | Name 


CC1 4 1 

Carbon tetrachloride 

V 

8 

cs, 

Carbon disulfide 

20 

CaHio 

Amylene 

14 

C 6 H fl 

Benzene 

k’M 

4 


Liquid air 

1 21 


Petroleum ether 

15 


Vaseline oil 

1.6 
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Fl< L_ 1, Fio. 2. 

. ; ? ro T re ( T ] upon incrca *e (AC) in conductance of 
a crystal of be when irradiated by X-rays («•) 

Unit cf AC - 10-. ohm- 1 , of P - , * on , rea o( mm , 

. . 2 \ Progressive increase (AO in conductance of a crystal 

irea^ia d tio r n °" * “ d iU T ^ — K* 

ohm?* U t nTt of°AC C0nduct 4 ftnce " 48 X 10“« 

irradiation. A' - recovery* B and B' anTrimil.*" minute A - chance during 

crytal after it had been fa^iguudbyex^u^i^v^ but to the 

46 X 10-* ohm-i. y cxpoaur * to T-raya and had a conductance of 


OF SOLIDS AND LIQUIDS EXPOSED TO 
X-RAYS 

On exposure to X-rays, the conductivity of solids and liquids 
especially of dielectrics, is temporarily increased (It, 14 , as, 3 ^, so| 

7«). The increases in the conduction of a crystal of Se after an 
exposure of 1 min to light (X = 7000 A), to X-rays (X = 15 A) 

wr io°uu7b S ( h H 0 03 *° °' 4 k) W " e 33 ’ 2, 58 ' 5 ’ and 108 9 ohm-- 
per joule absorbed respectively (48, 8*). For Vftriation uh 

and pressure, sec Figs. 1 and 2. The conductivity of a plateol 
-Nadi increases dunng exposure to X-rays, and gradually dLreL« 
after the X-rays are withdrawn; the exposure “activates” the 
plate for future action of ordinary fight (59). The conductivity 
of S increases considerably under action of X-rays; the increase 
.» proportional to intensity of the radiation and varies with “e 
nature of the rays in same manner as the ionization of aiT in he 
range of potential difference investigated (69 to 2M volt) he 
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CRYSTAL GRATINGS FOR X-RAY SPECTROSCOPY 

Bergen Davis 


The wave-length of X-rays is usually determined either by 
means of the ionisation spectrometer or by a photographic method 
With suitable crystals, the former is probably the more accurate, 
but it requires uniform reflecting planes sufficiently large to reflect 
a considerable amount of energy. The photographic method may 
be used with small irregular crystals and is particularly useful with 
powdered crystals. I 

Grating Constant — The grating constant of a crystal is usually 
measured in terms of that of either caleite (CaCOj) or rock salt 
(NaCl), the constant of the standard being calculated from crystal 
data and other physical constants. Even the best specimens of 
rock salt are imperfect crystals, the reflecting planes being not 
uniformly parallel planes throughout any considerable volume of 
the crystal; also the rocking curves obtained by means of the 
double X-ray spectrometer are wide ( ll>1 ), indicating that the 
crystal elements are quite imperfect. Caleite (Iceland spar) is 
much more nearly perfect; for it, the rocking curves are very 
smooth and narrow (less then Ho of the width of the rock salt 
curves). 

On account of the perfection of its crystal structure, it is recom- 
mended that caleite (Iceland spar) be selected as the primary 
standard in all measurements of the wave-lengths of X-rays; and 
that the value dioo * (3.029 ± 0.001) X 10~ 8 cm (at 20°C) be 
used. This value of d i0 o for caleite is as probable as any other 
value yet deduced; it is equivalent (* 7 ) to d m « 2.814 X.10" 8 
cm (at 20°C) for rock salt. A large number of measurements 
have already been made in terms of one or other of these equivalent 
values. 

If o« - length of edge of unit crystal form, the observed grating 
space for the planes ( h , k, l) of a face-centered cubic crystal, like 
rock salt, is d^i - a^/y/h 1 + k* + t* if A, k, and l are all odd , and 
in all other cases dui • 0.5a©/ v^A* + k* + 7*. For face-centered 
rhombohedral crystals a©V 1 -+ 2 co b 3 0~~- 3 cos r 0/ \Z(A* -f- fc 2 + 
l l ) sin* 0 + 2(Ak -f hi + W)( cos* 0 - cos 0), where 0 - angle 
between edges of unit rhombohedron, replaces ao/y/h* + k* + l 1 
of the preceding cubic expressions. In cubic crystals a© = (nV m )^ t 
where n - number of molecules in the elementary ^crystal unit 
and V m ( * M/p N 0 ) is the molecular volume, M - molecular 
weight, p — density, No = Avogadro’s number = number of mole- 
cules per mole. The value of n depends upon the crystal struc- 
ture. For both rock salt (NaCl) and caleite (CaCO>), n = 4. 
The main sources of error lie in the determination of p and No. 

For caleite, 2dioo * [4V m / <p(0))X } where v>(0) = volume of the 
caleite rhombohedron which has unit distance between the (100) 
planes - (1 + cos 0)*/ (sin 0)(1 + 2 cos 0) = 1.0962, as 0 = 101° 
55'. Compton ( 6 ) found p = 2.7116, corrected to 2.7102 g/cm 3 , 
at 20°C, and Compton, Beets, and Defoe ( 8 ) also found 2.7102 at 
20°C. This value of p together with the I. C. T. values for M 
and No (Vol. I, p. 18 and 43) lead to d m = (3.029 ± 0.001) X 10~ 8 
cm at 20°C. Other values for p are 2.716 ( 9 ) and 2.715 ( 3 ); the 
average of these and the preceding two is 2.713 which gives 
dioo - (3.028 ± 0.002) X 10" 8 cm at 20°C. 

Some of the better determinations of p for rock salt are 2.167 at 
17°C (24, 2S) f 2.15 (•), 2.170 (i*) f 2.167 (22), 2.174 (>»), 2.161 
(*) and 2.1632 (**). The mean of these (2.166) gives d m = 


(2.814 ± 0.002) X 10~ 8 cm at 20°C. A more recent deter- 
mination (1 4) gives dioo = 2.814(1 + 0.00004(f — 18) ( X 10~ # cm 
at f,°C. 

Grating Spaces of Selected Crystals 

(c) * measured in terms of caleite, dtoo = 3.029; (r) => measured 
in terms of rock-salt, d wo = 2.814. a© = length of edge of the 
unit crystal form; d = grating space, temperature = 20°C. For 
other data, see (2, 20 , 23, 26 , 29, 30) t Unit of a 0 and of d » 1 

A » 10~ 8 cm. 


Symbol 

Crystal 

System 

Plane 

oo 

1 d 


Lit. 

CaCO, 

Caleite 

Rhomb* 

100 

6.9347 

3.029 ±0.001 

(Calc.) 

NaCl 

Rock salt 

Cubic 

100 

5.628 

2.814 


(*) 

FeS, 

Pyrite 

Cubic 

100 (2) 

5.4056 

2.703 

(c) 

(10, 11) 

KC1 

Sylvite 

Cubic 

100 

6.272 

3.136 

Kr) 

( 3 ») 

KI 

K iodide 

Cubic 

100 

7.064 

3.533 

(<•) 

(*) 

CaS04.2HtO. 

Gypsum 

Monoc.* 

010 


7.584 

(r) 

(**) 


Mica 

Monoc.* 

001 


10.1 

(r) 

( 4 ) 

CuHsiOu. . . . 

Cane sugar 

Monoc.* 

100 


10.570 

(r) 

( 28 ) 


* Rhomb. “ rhombohedral; Monoc. « monoclimc. 


Refraction. — If the surface of the crystal is parallel to the 
reflecting planes in the crystal, if n is the order of the spectrum, 
and 0 is the glancing angle of reflection corresponding to the 
maximum intensity of radiation of wave-length A, then nA =* 2d 
sin 0(1 — 5 cot 1 0), where 1 — 5 is the index of refraction of the 
crystal for radiation of wave-length X. Measurements of 6 for 


caleite ( 16 ) and for pyrites ( ,0 » n ) show ( ,0 > ll ) that 6 

n 2 


' Ni 

V - 


*1 i>* — 


A 


+ 




where v 


2rm ~ 

frequency of incident 
j 

radiation and n u n 2 , . . . are the numbers of electrons per unit 
volume having the critical absorption (resonance) frequencies *1, 
v 2} . . . As *1, v i} * . . are generally small as compared with 


r, a first approximation is 8 


e* n 1 
2rm _ 


+ n 2 + 


refraction of X-rays, see p. 49, and also ( 7 » 12 , 17, 18, 21). 
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INTRODUCTION 

the contrar y is 8 t*ted, the unit 
of and of b\ is 1 A, and that of each of the other quantities is the 

jets* ,r *• 

Atomic weight. 

*"**<>“ ° f Propagation of the 

Scattering function. 

Intensity of incident radiation; / - dP/do. 

Pdwer of the radiation scattered, per unit solid angle at 

angle *, per umt volume of the scatterer. ’ 

7t"J , l . e radi ‘ ti ° D 8catt * red - P* r unit solid angle 
at angle $ t per atom of the scatterer- „ a r „ 
Molecular weight. /.*, - AI*/N tfi . 

Per gram-mole. 

Number oftf-dectrona the atom; similarly for etc 
Power earned by the radiation 7 * 

Discontinuity in photoelectric absorption at K-Umit 
^-electron - reeod electron. *“• 

Atomic number. 

£££ ■“ “ X U in A. 

Extinction coefficient. 
eVmJe 1 . 

daU Prior to October, 1077 


Jf 

Ni 

** 

P 

R- 

U 

V 
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INTRODUCTION 

Symboles et unlt6s. -A morns d'une autre indication, 1’unitl 
pour et pour 6\ est 1 A, et celle pour chaque autre quantity est 

( Vol I C ^ 8e l ^ propr ^ e * c, e, h, m 0 ont ieur signification habituelle 
Poids atomique. 

Surface perpendiculaire A la direction de propagation de la 
radiation. 

Fonction de dispersion. 

Intensity de la radiation incident®; I - dP/da . 

Pouvoir de la radiation disperse par unite de l'angle solide, 
angle 9, par uni te de volume du corps dispersant. 
Pouvoir de la radiation dispers6e par unite de-l'angle solide, 

* l angle 9 , par atome du corps dispersant;/*. - AI. f /N«>. 
Poids mofcculaire. 

Conatante d'Avogadro, nombre de molfeules par Mol. gr. 

om d yiectrons-X dans l'atome; de m6me pour n L , etc. 
Puissance portee par la radiation. 

Discontinuity dans 1 'absorption photodlectrique A la limit®-*. 
Electron-R « Electron de recul. 

Hectron-tf est un Electron qui disperse une radiation non 
modifife. 

Difference de potential entre les eoctrimites d’un tube A 
rayons X. 

Volume. 

Nombre atomique. 

h>/^e* - 0,0243 si A est exp rimy en A. 

Coefficient d'extinrtinn 


F 

I 

1.9 

I.9a 

M 

N. 

p 

*1 

R- 

U- 


v 
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6 Angle of scattering as measured from direction of propaga- 
tion of incident radiation. 

X Wave-length. 

p Coefficient of absorption; p = r + <r. 

p Apparent coefficient of absorption, the value found when 
scattered radiations are not completely eliminated from 
the transmitted beam. 

Ha Coefficient of atomic absorption; p a = pA/pN 0 . 

Hm Coefficient of molecular absorption; p m = pM/pN 0 . 
p, Coefficient of electronic absorption; p t = pA/pNoZ = 

Va/Z. 

w Frequency of incident (/ = modified) radiation. 

9 ( Critical frequency corresponding to an absorption-limit, 
p Density. 

a Coefficient of scattering; <r = <r, + c a . 

9^ Coefficient of true absorption due to scattering. 
a. Coefficient of true scattering. 

o a , 9, t <Taa, <*•*, <z«a, *»• (See corresponding notation for p). 

r Coefficient of photoelectric absorption. 

r a , r m , r, (See corresponding notation for p). 

6 Efficiency of emission of characteristic radiation; <t> = ratio 

of number of atoms emitting the radiation to the number 

from which corresponding photoelectrons are ejected. 

0 

^ Angle of ejection of recoil electron, as measured from direc- 
tion of propagation of incident radiation. 

^ An angle. 

<*> Solid angle. 


EINLEITUNG 

Symbole und Einheiten. — Wenn nicht andere bemerkt, ist die 
Einheit von X und 0X 1 A, und die ftir jede der anderen Grossen die 
d&zugehdrige im cgse System, c, e, h, mo haben deren gewohn- 
liche Bedeutung )Bd. I, S. 16). 

A Atomgewicht. 

•a Flache senkrecht zur Fortpflanzungsrichtung der Strahlung. 
F Streuungsfunktion. 

I Intensitat der einfallenden Strahlung; I = dP/da. 

/.* Kraft der gestreuten Strahlung, pro Einheit des festen 
Winkel, beim Winkel 0, pro Volumeinheit des streuenden 
Stoffes. 

/ «pa Kraft der gestreuten Strahlung, pro Einheit des festen 
Winkel, beim Winkel 0, pro Atom des streuenden Stoffes; 
1 tda ~ AI,q/NqP. 

M Molekulargewicht. 

No Avogadro-Konstante, MolekOle pro Gramm-Mol. 
n K Zahl der JC-Elektronen pro Atom; in gleicher Weise fOr n Lt 
u. s. w. 

P Kraft der Strahlung. 

Bl Diskontinuit&t der photoelektrischen Absorption an der 
K-Grerize. 

H- P-Elektron = Rtickstoss-Elektron. 

t/- 17-Elektronen sind solche, welche unmodifizierte Strahlung 

streuen. 

V Grenzpotentialdifferenz von Rontgen-ROhren. 
v Volumen. 

Z Atomnummer. 

a hr/moC* = 0,0243 wenn X in A ausgedriickt. 

« Extinktionskoeffizient. 

n e 4 /mjc 4 . 

0 Streuungswinkel gemessen an der Richtung der fortschrei- 
tenden einfallenden Strahlung. 

X Wellenlangc. 


v e 4 /mjc 4 . 

0 Angle de dispersion tel qu’il est mesur£ a partir de la direction 
de propagation de la radiation incidente. 
a Longueur d onde. 

p Coefficient d ’absorption; p = r -f a. 

p Coefficient apparent d’absorption ; c’est la valour trouvce 

lorsque les radiations disperses ne sont pas complete- 

ment 61imin6es du ravon transmis. 

% 

p a Coefficient d’absorption atomique; p a = pA/pNo. 

p m Coefficient d’absorption mok*culaire; p m = pM /pN 0 . 
p. Coefficient d’absorption 61ectronique; p e = pA/pN^Z = 

Pa/Z. 

v Frequence de la radiation incidente (v = modifide)* 

v c Frequence critique correspondant a une lirnite d’absorption. 
p Densite. 

a Coefficient de dispersion; <r = a, - f- <r a . 
o a Coefficient d’absorption vraie due a la dispersion. 

<r, Coefficient de dispersion vraie. 

o a , o t} ffaa, o, a , <r )t (Voir la notation correspond ante pour u). 

r Coefficient d’absorption photoelectrique. 

r a , r, n , r e (Voir la notation correspondante pour p). 

<t> Efficacitd de Emission de la radiation caractdristique; <t> = 

rapport du nombre d’atomes emettant la radiation, au 
nombre de ceux k partir desquels les photodlectrons corre- 
spondants sont expulsds. 

p Angle dejection de l’dlectron de recul, tel qu’il est mesure 
k partir de la direction de propagation de la radiation 
incidente. 

\J/ Un angle. 

u Angle solide. 


INTRODUZIONE 

9 

Simboli e unity. — A meno che non venga altrimenti indicato 
le unita di X e di 5X e 1 A e quello di ogni altra quantity sono le 
unity appropriate del sistema cgse. c, e, h, m 0 hanno il loro consu- 
eto significato (Vol. I, p. 16). ’ 

A Peso atomico. 

a Area perpendicolare alia direzione di propagazione della 
radiazione. ’ 

F Funzione di dispersione. 

I Intensity della radiazione incidente; / = dP/da. 

I.e Potenza della radiazione dispersa, per unita di angolo solido, 
a un angolo 0 , per unity di volume del mezzo dispersore. 
Lea Potenza della radiazione dispersa, per unita di angolo solido, 
a un angolo 0 , per atomo del mezzo dispersore; = 
AI't/Nop. 

M Peso molecolare. 

No Costante di Avogadro, molecole per grammimolecola. 
n K Numero di elettroni K nell’atomo; similmente per n L . eec. 
P Potenza portata dalla radiazione. 

R* Discontinuity neH’assorbimento fotoelettrico al lirnite K. 
R- tf-elettrone = elettrone di rimbalzo. 

L- [/-elettrone k un elettrone che disperde la radiazione 
immodificata. 

V’ Differenza di potenziale ai termini del tubo a raggi X. 

v Volume. 

Z Numero atomico. 

a hv/nU'C 2 = 0,0243 se X e espressa in A. 

* Coefficiente' di estinsione. 

v e 4 /mjc*. 

6 Angolo di dispersione come yiene inisurato dalla direzione di 
propagazione della radiazione incidente. 

X Lunghezza d’onda. 

p Coefficiente di assorbimento; p = r - fa. 
p Coefficiente apparente di assorbimento; it valorc trovato 
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Mm 

P* 


Absorptionskoeffizient; p = t + <r. 

Scheinbarer Absorptionskoeffizient, der Wert, der sich ergibt, 
wenn die ges.treute Strahlung nicht vollst&ndig frei 
vom durchdringenden Strahl ist. 

Koeffizient der Atom-Absorption ; pa = pA/pN 0 . 

Koeffizient der Molekularabsorption; pm = uM/pN 0 . 
Koeffizient der Elektronen Absorption; p, = pA/pN^Z = 


Pa/Z. 

* Frequenz der einfallenden Strahlung (/ = modifiziert). 

*** Kritische Frequenz entsprechend einer Absorptionsgrenze. 

p Dichte. 

• Streuungskoeffizient; a = <r, + o a . 

9m Koeffizient der wahren Absorption durch Strequng. 

#• KoeflBzient der wahren Streuung. 

* m <r*a» <r«« (Siehe die entsprechenden Bemerkungen 

fQr M ). 

r KoeflBzient der photoelektrlschen Absorption. 

r m , r« (Sieltc die entsprechende Bemerkungen fUr *i). 

Leistung der Emission charakteristischer Strahlung; <t> = 
Verh&ltnis der Anzahl der Strahlung aussendenden A tome 
zu der Anzahl von welchen entsprechende photoelek- 
trische Elektronen abgestossen werden. 

9 Winkel unter welchem ROckstosselektronen abgestossen 

werden, gemessen von der Richtung des Fortschreitens der 
einfallenden Strahlung. 

Winkel. 

*9 Fester Winkel. 


quando le radiazioni disperse non sono completamentfe 
eliminate dal fascio trasmesso. 

Pa CoeflBciente di assorbimento atomico; “ pA/pN*. 
p m Coefficiente di assorbimento molecolare; p m **pM/pN<>.- 
p, Coefficiente di assorbimento elettronico; p* —‘pA/pNoZ * 

Pa/Z. 

v Frequenza della radiazione incidente (*' - modificata). 

pc Frequenza critica corrispondento ad un assorbimento limite. 
p DensitA 

<r Coefficiente di dispereione; c = <r, -f a m . 

o a Coefficiente di assorbimento vero dovuto a dispereione. 

a, Coefficiente di dispereione vero. 

a «» tf oai *04, o iaf <r„ ( Vedi la notazione corrispondente per p). 
r Coefficiente di assorbimento fotoelettrico. 

7 a , r m , r, (Vedi la corrispondente notazione per m). 

Efficienza dell’emissione della radiazione caratteristica ; ^ » 
rapporto fra il numero di atomi che emettono la radiazione 
e il numero di quelli dai quali vengono emessi fotoelettrohi. 

9 Angolo di eiezione dell’elettrone di rimbalzo, quale viene 

misurato dalla direzione di propagazione della radiazione 
incidente. 
i> Un angolo. 

w Un angolo so lido. 


/ Restriction .—U n less the opposite is explicitly stated (Tables 
11, 12, 13), it is assumed, throughout this report, that in determin- 
ing absorption coefficients, the measuring instrument is so far from 
the absorbing material and is so screened that it indicates merely 
the intensity of the radiant energy which is traveling in the direc- 
tion of the primary beam. It is the absorption, as so measured, 
that is considered, and to which the coefficients of absorption refer! 

Obviously the amount of radiation reaching a given region 
within the absorbing material cannot be computed directly from 
this absorption, for that region receives scattered and characteristic 
radiation* from all the surrounding material, traveling in every 
direction. This extra radiation may be several times as great as 
that incident in the direction of the primary beam, and it is only 
the latter that can be computed directly from the coefficient of 
absorption. This difference is of much importance in the use of 
X-rays for therapeutio purposes, and has been studied by manv 

cf. (»41, ZS1). * J 

Absorption and Scattering.— When a beam of X-rays passes 

through an atomic system, it may be altered by the action of the 

non-nuclear electrons. The following three types of action are 

recognized, though types (6) and (e) are parts of the same general 
phenomenon. 


(o) Phdodedric Effed.-An electron is dislodged from its energy- 

rt r* ab90rb8 •“ * he mer 8y h ' of the impinging quantum. 
Such electrons are called photoelectrons, and are emitted with the 

akergy h (» - ».), where , c is the frequency characteristic of the 
leyel from which they come. They may be described as primary 
photoelectrons. The vacancy caused by the removal of a photo- 
electron is soon refilled by an electron from a lower energy-level 
having a characteristic frequency Accompanying thlre 

son of characteristic radiation which, on an aver- 
to aU directions, and has a frequency 

V,;* 0 -. ^ “ the Photoelectric effect. 

emitted “ chAracteri "t'c radiation is not 

eewttod^butadditional electrons, which may be called secondary 
photoelectrona, are emitted This is the 


effect. The characteristic radiation may be regarded as being 
absorbed in the atom and causing the ejection of photoelectrons 
from other levels, with energies ji(v, - v ), h(r/ - etc.* 

(b) Scattering without Change of Frequency.— An ele^ron, 
though not dislodged from its energy-level, may cause a scattering 
of the primary radiation. This scattered radiation has the same 
frequency as the primary, and is called the unmodified scattered 
radiation. 8uch electrons may be called (/-electrons. They 
scatter the radiation coherently. 

(c) Scattering with Change of Frequency. — An electron may be 
dislodged from its energy-level without absorbing more than a 
fraction, (*> — r')/r t of the energy of the impinging quantum. 
Such an electron is called a “recoil ” (or an R~) electron. It leaves 
the atom with energy h(* - r' - y e ), radiation of frequency r', 
differing from *, is scattered, and characteristic radiation of 
frequency (v t — y/) is emitted as the vacancy is refilled by an 
electron from the level v/. This scattered radiation is known as 
the modified scattered radiation. It is not scattered oojierently. 

Extinction. Darwin ( ,l3 » H4) has shown that when a crystal 
is set so as to reflect the incident rayB, the effective absorption 
s ould be greater than the true. This phenomenon is due to what 
is called extinction and has been observed, (* 0 , #*» •«» «°); 

* ee 5, NaCl. For a perfect cflystal, extinction occurs only 

when the orientation is such as to reflect the incident beam, and 
arises from the fact that beams which have been twice reflected are 
parallel to and exactly opposite in phase to the primary beam. 
This is called primary extinction. An imperfect crystal may be 
regarded as a mosaic of small perfect crystals with various orienta- 
tions. Whatever the orientation of the mosaic there will be 
extinction as the result of reflection by those individual crystals 
that are then in the proper position. This extinction is called 
secondary extinction; the range of orientation over which it occurs 
increases With the degree of the imperfection of the crystal. 

Efficiency of Emission of Characteristic Radiation. — Owing to 
the existence of the compound photoelectric effect, the number 
(nO of atoms that emit a certain characteristic radiation is 
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than that ( n t ) of those that emit primary photoelectrons from the 
corresponding level. The ratio <t> = rw/n, may be called the 
efficiency of the emission of this radiation {see Table 1). 


TableT. — Efficiency of Emission of E-Radlation 

4 >k = ratio of number of atoms that emit E-radiation to the 
number from which an electron is ejected from the E-level; Z = 
atomic number of the radiator. is approximately independent 
of X; 4>k > 4>l- 


<t> K (R K L - D/Rk 




18 
24 
26 • 

27 

28 

29 

30 
34 
•36 

36 ] 

42 

47 

63 

64 


* Fromt 1 *). 



( 240 ) 


0.29 

0.35 

0.40 

0.46 




0.59 


0.75 


Definitions ( see also preceding sections). — Intensity of a Beam 
of Radiation. — By definition, the intensity (/, /<>, /*) at any point 
of a beam of radiation is the power (P) delivered at that point per 
unit of area (a) normal to the direction of propagation of the 
beam; I = dP/da. 

Coefficients of Absorption . — If the incident beam consists of 
parallel rays of a single wave-length (X) and has initially the 
intensity 7 0 , its intensity (/,) after passing through a thickness x is 
/* - where p is a constant called the coefficient of absorp- 

tion; p depends upon X, and is characteristic of the material. As 
/ = dP/do, and the amount of material (dm) involved in the 
decrease of dP when the radiation advances from 0 to a; is that 
contained in the volume xda, it follows that the decrease in I may 
be expressed in terms of dm/do; i.e., in terms of the amount of 
material per unit of area, that is traversed by the radiation 
in going the distance x. The value of dm may be expressed in 
terms of any appropriate quantity, such as volume, mass, 
number of atoms, number (Z) of non-nuclear electrons, number of 
molecules; the corresponding values of dm/da are x, px, pNox/A, 
pNqZx/A , pNox/M, and of the absorption coefficient are p, p/p, 
pA/pN o = Pa, pA/pNoZ as p tJ pM/pNo = p m , which are called 
the coefficieniof absorption, of mass absorption, of atomic absorp- 
tion/ of electronic absorption, and of molecular absorption, 
respectively. 

The part of p that is due to the photoelectric effect is denoted 
by r (the coefficient of fluorescent or of photoelectric absorption), 
and that due to scattering, by a (the coefficient of scattering); 
u — r + <r. In the scattering process, part of the power lost by 
the primary beam reappears as scattered radiation, the rest is 
absorbed by recoil electrons. The part of <r that is due to the 
former is denoted by a, (the coefficient of true scattering), that 
due to the latter, by <r 0 (the coefficient of true absorption due to 
scattering) ; <r = <r, + a a . 

Effective Wave-length. — It has become customary, especially in 
the therapeutic use of X-rays, to speak of the effective wave- 
length of a beam of heterogeneous radiation. Duane (* 4 1 ) defines 


it as the wave-length of that beam of homogeneous radiation which, 
on passing through 0.5 mm of copper, is .reduced in intensity by 
the same fractional amount as the heterogeneous beam would be, 
under the same conditions. It might also be defined as the wave- 
length of that beam of homogeneous radiation which would be 
reduced to half its intensity on passing through such a thickness 
of copper as will produce the same reduction in the heteroge- 
neous beam. Allen ( 6 ) deduces an effective wave-length of 
strongly filtered “end” radiation from the equation (p/p)aj « 
14X* ••*, where (p/p)ai refers to the absorption of such “end” 
radiation in Al, and 2 k < X < 4 A. This gives too small a value 
for X. 

In no case does the effective wave-length alone 'define the 
characteristics of the beam; it must always be considered in con- 



300 



160 





80 



40 





0.4 


0.8 


12 A 


Fig. 1. Coefficients of absorption and scattering of Pt: variatior 
with wave-length (X). Unit of n/p and a Ip « 1 cm*/g. K, Ln, L u 
Ln indicate the positions of the corresponding absorption-limits. 


nection with the source and previous filtering of the beam. The 
more heterogeneous the beam, the less significant is the term 
“effective wave-length.” 

The views expressed above are not in agreement with those of 
experimenters who have observed the ./-phenomena {cf. p. 1 ). 
Internal absorption of 7 -rays is not dealt with here. 
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For apparent absorption of 7 -rays, see p. 20 

A magnetic field produces no effect upon the absorption 
(41, 41, loo, 330). ^ increase in temperature has a small effect, 

the sign depending upon the wave-length ( 261 ). Unless X is 
small, a is very much smaller than r, and its variation with X is 
negligible as compared with that of r (c/. p. 16). This will be 
the case for many of the data that will be considered 

The coefficient of mass absorption of a mixture can be com- 
puted by means of the simple additive relation m(p/p) = m, X 

(m/p)i + m,(p/p)j , + . . . , where m, m h m,, . . . are the 
masses of the mixture and its several components; m = -f- 

wi F . . . 

The coefficient of molecular absorption (p m = pM/pN 0 ) of 

many compounds can be similarly computed from the atomic 
absorptions of their constituent atoms ( v . (l 6— l o, 250, 317, 343)) ; 

= njCpo)! + 71,00, + . . . , where A/ * n,Ai + n,A, + 

• . . This expression for p m is not universally correct; v. ( 16 - 19 , 
245 ); for example, for values of X between 40 and 80 A, Holweck 
(l 93, 1 94) found p/p to be the same for celluloid as for hydrogen 

Variation with Wave-length and Absorber.— For any given 
material the variation of p with X exhibits certain discontinuities 
(see Fig. 1); the values of X at which they occur are called the 
absorption limits of the material, and each has been found to be 
the longest wave-length capable of exciting a certain X-ray series 
characteristic of the material (ef. p. 23). The discontinuities are 
not absolutely sharp, but the entire change occurs within a very 
narrow range of wave-lengths (0.01 A) (***); c f. } however ( 268 , 2 71 ). 

When X is kept constant and absorbers having various values of 
Z are used, similar discontinuities appear in the variation of p 
with Z, each occurring as Z passes from a value for which the 
absorption limit is greater, to one for which it is smaller, than X. 

The ratio of the maximum to the minimum value of r at any 
group of discontinuities may be called the value of the discon- 

!L DU !i ty «; at , that ^ n0t kn ° Wn accurat€l y> Partly owing to 

the difficulty of measuring p and partly to our ignorance of the 

values of <r. At the K-limit the value of the discontinuity, which 

may be signified by R* (t,. ( 2 e* ))( is of the same order as Xi/X* 

where X* X L are the wave-lengths of the X- and of the shortest 

(Pu) ot the L-absorption limits. 

Table 2.— Values op the r- D iscontinuity (fl£) at the K-Limit 


Unit of X = 1 A 


10 


Absorber • 

X* • 

Xl„ 

^Ir/Xg 

rF 

26Fe 

1.738 

14.6 

8.4 

A 

9 5 

28Ni 

1.489 

12.1 

8.1 


29Cu 

9.0 

1.379 

11.0 

8.0 

30Zn 

9.1 

1.296 

10.2 

7.9 

42Mo 

8.8 

0.618 

4.30 

7.0 


7 .3 

46Pd 

0.506 

Q AO 

6.8 

7.5 

47 Ag 

O . 

3.26 

6.8 

0.485 

6.7 


7.3 





7.8 

50Sn 

0.424 

9 77 

6.5 

6.7 



6.9 





6.6 

74W 

0.178 

1.024 

5.8 

6.1 


6.2 

78Pt 

0.158 

n QQO 

5.6 

5.55 

79Au 

n qai 

6.0 

0.152 

5.6 


U. oOl 

5.8 

82Pb 

, 0.139 

LCent. nhar.* 

n 7 oa 

5.6 

_ l 

5.65 

Between adii 

\J . 9 oU 

5.0 

5.4 


Lit. 


(«) 

(«) 

( 6 ) 

( fl ) 

( fl ) 

(289) 

(315) 

(«) 

(289) 

(315) 

( 6 ), 

(289) 

(315) 

( # ) 

(289) 

(•) 

(•) 

(289) 

(•) 

(289) 


with X (ef TahUM m ,T ,u \ m aDa r ™ry continuously 
W Table 51 ' None of ‘be theoretical formulae express 


this relation satisfactorily. De Broglie’s formula (70) f which 
may be put in the form 


re 


Ta - 




xi + Xi + 


7 ra = 


moC» (Xfr 'XI ' •••]>< 

gives, for X < X*,T a (Cu) * 9.9X*(10)-*i andr a (Bi) - UA*(10)“”, 
the approximate experimental values being 1.5X*(10)”*° and 1.0 X 
X*(10)“ 18 . It also gives R £ a value that is twice as great as the one 
observed (289). Formulae, differing from de Broglie’s by a 
numerical factor only, have been obtained by Thomson ( 3 * 9 ) and 
Compton (»04). From Kramer’s (230) formula 

64t 4 e ,0 m 0 / n K . n l , n m . \ • 

3^/3 c«h # \1.2 + 2 4 -3 + 3 4 -4 + * ' * 

we get r a = 1.2X 3 Z 4 (10)“* 4 , if X < Xj c, and /?£ =» 5 5; the value of 
r a is about 40 % too low. By applying the methods of Schr&din- 
ger s wave mechanics, Wentzel (331) has obtained for the absorp- 
tion due to the K-electrons the expression 

32 e* / X \M( o ._ ]* 

Ta “ 3 ' moC’VW j 3 Vx cos * -f sm * J (10)“« 

where ^ is an undetermined phase angle, which may depend on X 
and Z. 

Several empirical formulae have been deduced, mostly of the 
form T a = CZ"*X n (10)~ <4 , where m and n are approximately equal 
to 4 and 3, respectively, and C changes as X passes through an 
absorption limit. No values yet proposed for C, m, and n are 
entirely satisfactory, especially when X < 0.1 A; those most used 
are given in Table 3, m being taken as 4. The best are those given 
by Gray, but those by Richtmyer and Richtmyer and War- 
burton are the most generally accepted, although derived from a 
small range of observations. 

Table 3.— Values op C and n in r a » CZ 4 X*( 10)““ 

Unit of X = 1 A = 10“* cm 



R. and W.* 

Allen: 

Gray 


2.24 
2.18 
1.92Pf 


3 



(*•«.*«) 

2.92 



(*) 

2.7 

0.058 

2.6 

(IT.) 


being 


Angstrom.. 1 1 

Jonsson (Dim., Upsala, 1928) has shown that, to a high degree 
of approximation 

T/p ” 

for values of Zx > 8 and X < 12 A. X« is the nearest critical absorp- 
tion wave-length >X. Jonsson tabulates values of the function 
/(ZX). We may write /(Zx) = (Zx)* where x - 2.03 - 10/ZX + 
100/Z*X*. This formula and the first of Gray’s may be used to 
give an approximate check on experimental results and to deduce 
unknown values of r/p. Jonsson’s generalization is not true for 
values of Zx <8 nor for a light element such as carbon. 

Table 4.— Coefficients op Absorption for X - 0.586, 0.631 

and 0.709 A 

All substances for which either p/p or p m is given in this section 
are here listed, with references to all sources utilized in deter- 
mining any of these values; references to other data are placed 
after u tf” For certain substances, values of p/p or of p m are 
given for no other X; no additional data for absorption at these X’s 
are given elsewhere in this section. Substances are listed in the 
order. Elements, inorganic compounds, organic compounds. 
Italics indicate the value of p/p that next precedes a known 

absorption-limit. Q - (Z/29) 4 , 29 is Z for Cu (ef. Table 3); 

Pm * pM /pNq m (kp/p) x 10~”, where M — molecular weight as 
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indicated by the formula, N o = 6.061 X 10" molecule per 
g-mole. Unit of X k - 10 ~* cm; of m/p - 1 cm*/g; of m- = 
1 Q-m cm* per molecule; of k « 10'** g per molecule. 



t <*••); valuee icm with thoee obtained from liquids; cf. (*••). 
t For Cd, a/* - 6.48 for X - 0.188. 

I Values of s/s are oom puled, im Table 6. 


X 

0.586 

0.631 

| 0.709 

Lit. 

(1) 

Q 

k 


m/p 


Pd46 

6.33 

17.60 

1 

17.2 

23.8 

(>*•);</. 






(••) 

Pt78 

52.3 

32.21 

73.5 

87.0 

117 

(4» *» •) ; cf. 






(1, •*» »«•* 
»4J) 


Rh45l| 

5.80 

16.98 

15.2 



(*«*» »4») 

816 

0.093 

5.29 

5.90 

6.90 

9.80 

( 4 » •): cf. 






(SOI, 141) 

Sn50 

8.84 

19.59 

18.7 j 

22.6 

32.1 

(4. ». 


. 




cf. (». 

177, an, 
as«, i4i) 



2.95 

14.46 

57.7 


94.3 

(S4J) 

Th90. .' 

92.8 

38.30 

See Table 5 


(»); cf. (*) 

U92 

101 

39.30 


88 

/*; 

(*);cf. (*. 






ai») 

W74 

42.4 

30.36 

56.8 

76.0 


(». »••); cf. 






(14S) 

Yt3fr. i 

3.27 

14.68 

60.3 


99.9 

(S4S) 

Zd30 

1.15 

10.79 

34.3 

43.0 

59.0 

(*. •);«/. (». 






• f, 177, an, 







tie, *4S) 

Zr40 

3.62 

15.02 



19.7 

( ,4 ») 

A 



X 

1 

0.586 


Lit. 

Subetanoe 

I 

M« 

m/p 

M- 

m/m 

Air 

>••••••• 

r 

See Table 5 



(*'•); cf. 








<*••> 

H»0 


2.972 

2.04 

0.686 

3.21 

1.08 

(**t. lie. 











• 





(117, 141) 

HCf 


6.017 

40.8 

6.77 

70.95 

11.8 

(* 4 ») 

80> 


10.57 

See Table 5 



(*«*); c/. 


- 






(!«> 

HtSO«. . . 


16.18 

39.3 

2.43 

56.43 

3.48 

(* 4 ») 

NtH« . . . 


5.188 

See Table 5 



(>•• **) 

NH«NOa. 


13.21 



13.53 

1.02 

(141) 

HiPOi. . . 


16.18 

32.7 

2.02 

63.46 

3.34 

(141) 

COi 


7.26 

See Table 5 



(**•); c/. 








(!••) 

Zr(80«)«. 


46.72 



407.7 

8.73 

(141) 

Pb(NOi)j 


54.65 

2563 . 0 

46.0 

3496.4 

64.0 

(141, 

ZoCli. • . . 


22 49 

448.9 

10.6 

729.3 

32.34 

(341) 

Z08O4. ... 


26.64 

404.9 

15.2 

656.6 

24.6 

(141) 

CdCIt. . • . 


30.25 

404.8 

13.3 

701.2 

23.2 

y 

(141) 

CuCls. • • • 


22.19 

386.4 

17.4 

630.0 

28.4 

(141) 

CuSOi.. . 


26.34 

339.7 

12.9 

542.2 

20.5 « 

(141) 

AfNOi... 


28.03 

299.7 

10.6 

558.6 

19.9 

(141) 

MnCIi . . . 


20.76 

255.4 

12.3 

461.7 

21.7 

(141) 

FeCli .... 


26.76 

325.5 

12.2 

556.2 

20.8 

(141) 

CoClt. . . . 


21.43 

302.2 

14.1 

507.4 

23.7 

(141) 

NiClt . . . . 


21.39 

325.0 

16.2 

603.4 

28.2 

(141) 

CrClaiHsO 

38.02 

284.4 

7.48 

474.6 

12.5 

(141) 

(NH«)»Mo04 

32.35 



341.3 

10.6 

(141) 

UiO«. . . . 


139.0 


See Table 5 


(11 S) 

Yt(NO«)i 


45.38 

898.5 

19.8 

1492.7 

32.9 

(IIS) 

MgClt. . . 

........ 

15.72 



155.4 

9.89 

(141) 

CaClt 

....•••• 

18.31 

152.7 

8.34 

270.3 

14.7 

(141, 

SrClj. . . • 


26.16 

935.1 

35. 7> 

1503.5 

57.5 

(141) 

8r(NO*)i. 


34.92 

844.6 

24.3 

1380.0 

39.5 

(»♦*) 

BaCli. . . . 


34.37 

677.0 

19.7 

1074 . 7 

31.3 

(141, 

NaOH... 


6.60 



15.51 


(141) 

NaCl.... 


9.64 

48.43 

5.01 

76.10 

7.89 

(141) 

NaBr.... 


16.98 

605.2 

35.6 

899.2 

53.0 

(141) 

Nal 


24.74 

485.4 

19.6 

838.5 

34.3 

(141) 

NaiRhCU 

63.47 

522.4 

8.24 



(141) 

NajMoO* 

30-21 

1158 

38.3 



(141) 

NatWO*. 


48.51 

1747.0 

36.0 



(* 4 *) 

KQ 


12.30 

99.4 

8.08 

173,4 

14.1 

(141) 

Mica. . . . 



1 See Table 5 



(ill) 

^22223, 

Subetanoe (X - 

0.709) 

FT 

1 M. 

*/, 1 

Lit. 

CH.I 

Methyl iodide 


23.42 

See Table 5 

(*»•); cf. 



1 





(Ill) 

CaH«Oi 

Methyl formate. . . 


7 27 

See Table 5 

(»•• **) 

CiHtBr 

Ethyl bromide. . . . 


17.98 

See Table 6 

(**•); cf. 








(»••) 

C»H»0 

Acetone 



9.68 

. 6.62 

0.691 

(11 T) 


A For Rh, m/p - 14.2. 15.1. 17.7 if X - 0 546. 0.586, 0.612, respectively. 
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Table 4. — ( Continued ) 


formula 

C,H.O 

CtUtO 

CiH.O* 

C»HiOi 

CilUO, 

C*H»Oi 

C,H ,0 

CjHtOt 

C.H .0 

C«H, 0 . 

C1H1O1 

C«H»Oj 

C«H« 

CiH« 

C*HiiO 

C«Hi>Oa 

C1H11O1 

CrHa 

CtH. 

CtH, 

CtH.O 

CtHh 

C.H.o 

CiH.i 

CiHjtO 

C»H,i 

CllHl* 

CioHi* 


Substance (X — 0,709 ) 

Acetone 

Allyl alcohol 

Ethyl foTmato 

Propionic acid 

Propionic acid 

Dimethyl carbonate 

Isopropyl alcohol 

Trimethyleneglyool 

Methyl ethyl ketone 

Ethyl acetate 

Ethyl acetate 

Methyl propionate 

Bentene 

Benaene. . . . 


k 

9.58 

9.58 

12.22 

12.22 

12.22 

14.80 

9.91 

12.55 

11.89 

14.53 

14.53 

14.53 

12.88 

12.88 


Cyclohexanol 16.52 

Paraidthyde .... 21.80 

Paraldehyde 21.80 

Toluene is in 

Toluene \i\ 9 

Toluene 15.19 

Bentyl alcohol 17 $3 

n-Heptane... 16.52 

n ’ X y len * 17.50 

0ctano 18.83 

Octyl alcohol • 21.47 

Meaitylene 19 82 

Lirnonene 22 46 

Pinene 22 46 

Celluloid 

Gelatin. 


I m/p 

7.54 | 0.787 
See Table 5 
9.70 0.794 

10.2 0.833 

See Table 5 
See Table 5 
6.84 0.690 

9.86 0.786 

See Table 5 

11.55 | 0.795 
See Table 5 
11.44 0.787 

7.07 0.549 

6.93 0.538 

10.5 0.634 

17.3 0.794 

See Table 5 
8 .'35 0.550 

8.13 0.535 

See Table 5 
See Table 5 
8.77 0.531 

9.40 0.537 

See Table 5 
See Table 5 

10.6 0.534 

12.06 0.537 

12.08 0.538 

See Table 5 


See Table 5 


Lit. 

(*«*) 

(117) 

(341) 

(1». 10) 
(1M0) 
(Hi) 

(117) 

(»». 10 ) 
(117) 

( 10 , 10 ) 

(317) 

(117) 

( ,B0 ); cf. 

(117) 

(140) 

(141, 

( 10 . 10 ) 

(117, 

( S 5 «);c/. 

(117) 

( 10 . 10 ) 

(10. aoj 

(140) 

(150) 

(10, 10) 

(. 0 , 10 ) 

(150) 

(117) 

(117, 

(»•*. 104) 
raos, 


I. 7-rays of Ra(B and C) filtered through x cm of Pb 


Table ^-Coefficients of Absorption of X-Rays and 7 -R A ys 

12 F n C< £® cient8 f ° f absor P tion ° f r-ray., see Tables 

If’ * 4> for coe ffi«>ents of absorption by those substances for 
whjch there are no data except for X - 0.686, 0.631, or 0.709 A 
see lable 4. * 

The data in this table are believed to be the best available; many 

t a T ge 7 g I S J PhiCal Va ' UeS given in the so^ces listed 

in Table 4, all are founded on experimental values. Owing to 

frequent wide variations in the values obtained by different 

ofThTTi’ “ dlfficult *° make a ^ful estimate of the accuracy 
“end^ist For wave-lengths greater than 2 A, strongly filtered 
end radiations have been used. As the tabulated value of X Is 
the e£f eet>ve X defined by Aden’s equation („/,)*, = 14 x ,.„ it u 

too small; the corresponding values of m/p are not accurate when this 
effective X is near an absorption limit. In fact, all the given values 

£& /or^e-lengths near the L and M absorption-limits ara 

fi. »4 233?^^' F ° r ^^tional data for X > 2 A 2 

abgorpti on-limit. 

=r ssisn-B rs.t rjg 

A « 1.0 to 3.9 A, and radiation specified solely by the tuhp it’ 

x- Si? >*: ■ 

atomic weight, M = molecular weight L Located byThe to . = 
N. = 6.061 X 10- molecule per g-mole T= mint To ' 
ence of terminals of the tube Unit of X - 1 T- 10“ ' 

arjr cm ’ - 


Symbol All 3 

Q 0.040 

* 4.45 


5.35 

4.30 

3.25 

2.2 

2.2 

1.5 

1.0 

1.0 

0.3 


A1 1 3 Cu29 
0.040 1.00 

*45 10,49 | 

0.0450 

0.0462 

0.0460 

0.0559 

0.0486 0.0479 


Fe26 

Mgl2 

Pb82 | 8n50 1 

Zn30 

0.65 

0.029 

63.9 

8.84 

1.15 

9.21 

|i.01 

34.19 

19.59 

10.79 


m/p 


0.0632 


lit. 

0.0480 (177) 

0.0487 (177) 

0.0513 (177, 

0.0566 0.0633 0.0525 0.0567 (*••) 
0.0552 0.0448 0.0466 (»*7) 


0.0514 


0.0510 


0-3 1 0.Q5601 | I 

*For further data on y-raya, tee (*» *). 

II. X-rays 

X In nai In n 


0 . 0727 

0.0626 0.0498 

0.0630 

0.0830 


(>••) 

( 111 ) 

(177) 

(17T) 


(1) | Q 

A847 0.91 

AH3 0.040 

Au79 55 1 

b >83 67.1 

C6 0.0018 

Cu29 1.00 

Fe2 « 0.65 

Ni28 0.87 

p b82 63.9 

p t78 52.3 

81 6 0.093 

Sn50 8.84 

U92 101 

W74 42.4 

Zn 3 <> 1.15 


Zn30 

Symbol Ar47 

Q 6 01 

* 17.8 


X 

0.100 
0.110 
0.120 
0.130 
0.140 
0 145 
0.150 
0.160 
0 170 
0.180 
0.190 
0 200 
0.220 
0.240 
0.260 
0 280 
0.300 
0.320 
0 340 
0 360 
0.380 
0.400 
0.420 
0 440 
0.450 
0 480 
0.480 
0.500 
0 550 
0 586 
0 631 
0.709 
0.748 
0.910 
1.000 


1.12 
1.32 
1 55 
1.85 
2.20 

2.60 
3 05 

3 55 

4 10 
4.75 

5 47 
7.20 
9 20 

ue 

14 3 

17.2 
20 4 
23 9 
28.0 
32.5 

37.2 
42.4 
48.1 

50 e 


9.55 

13.0 
15.5 
19.4 
28.2 
33 0 

57.0 

73.0 


A113 

0.040 

4 45 

0.187 
0 171 
0.175 
0.185 
0.195 

0.205 
0 215 
0 225 
0 235 
0.246 
0.287 
0.302 
0 349 
0 405 
0 467 
0 537 
0.623 
0.720 
0 835 
0 950 
1.08 
1.23 
1.38 

1.54 

1.72 

1.95 

2.48 

3.00 

3.70 

6.21 

6.20 

10.8 

14.2 


*_ 

17.8 

4.45 

32.54 

34.48 
1.98 

10.49 
9.21 
9.68 

34.19 

32.21 

5.23 

19.59 

39.30 

30.36 

10.79 

Au79 
65.1 
32 54 

3.60 

4 28 

5 06 

5 90 

6 90 

7 M) 

2.83 
2.88 
3 30 
3.78 
4.25 
5.50 
5.95 


0.081 10.085 |0.090 |0.095 [0.100 |0.11Q 

m/p 

0.740 0.830 0.900 1.02 1.12 1.32 
0.145 0.153 0.160 0.165 0.167 0.171 


2.44 2.65 2.85 3.30 3.60 4.28 

2.25 2.76 3.00 3.45 3.75 4.50 

0.143 0.145 0.148 0.150 

0.270 0.295 0.335 0.390 

0.235 0.252 0.285 0.325 

0.265 0.290 0.340 0.385 

2.53 2.78 3.00 3.46 3.77 4.46 

2.50 2.75 2.95 3.38 3.65 4.35 

0.155 0.170 0.182 0.186 0.190 0.195 


0.80 0.88 0.95 


2.40 

0.310 

Au79 

(*••) 


2.60 

Ba56 

13.91 

22.67 

i 

m/p 


3.08 

3.81 

4.71 

5 75 

6 96 
7.65 

2 47 

3.16 

4 11 


2 00f 
2 . 80f 

3 40f 

4 00f 
4.65f 
5.40f 
6.47f 
7.45f 
9.20t 

11. 7t 


2.80 

0.350 

Bi83 

67.1 

34 48 

7 . 75 

4.50 

*.00\ 


3.63 

3.10 

06 

0.0018 
I M 

10.150 


1.16 1.45 

3.37 4.05 

0.375 0.450 

Co27 Ca29 
0.75 1.00 

9.73 10.49 


0.304* 

0.345*1 


0.521* 


2.25 
2.44 
2.90 
3 32 
3.80 
4.42 
5.10 
0.48 
8.30 


0.153 


0.75| 

0.087* 


0.104 


0.170 


11.7 


17. 2f 12.5 


14 ft 

0.00 


17.7 

21.0 


0.195 


0.210 


0.903* 

1.24| 

1.17* 

1.72| 

1.90* 

2 53| 

3.53* 


M.7I 


9 00 


12.2 


14.0 


17.8 


04.5** 75. Off 26.3** 


122 
U1 
165 
1 110 


41.3** 


0.243 

0.270 

0.280 

0.288 

0.300 

0.3251 

0.3781 

0.4501 22.6! 

0.5501 

0.6301 38.1! 

0.7501 

1.251 

1.501 


0.335 

0.390 

0.400 

0.545 

0.040 

0.750 

0.880 

1.03 

1.18 

1 34 
1.51 
1.90 
2.41 

2 99 
3.08 
4.38 
5.11 
6.20 
7.30 
8.65 
9.85 

11.3 

12.9 


14.0 

16.4 

18.4 
24.2 

29.0 
30 7 

51.0 

60.0 
102 
133 


* Calculated (*>•) from - 124X* + 0.18 if 0.T < * < 0.3. 

! Probal >)y too low. . t Valuo for x . 0>118 . 

* hrom 100 «rcat if 0.160 < X < 0.264. 

II Used /e-radiation of a suitable substance (*»•); some of the values tabulated 
for Mr were oBtained by interpolation. 

*1 The^p values (*) do not agree even approximately with data for com- 
pounds; other data (!•*) are in very good agreement, cf. (*•<>). 
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Table 5. II. 


Table 5. II. — (i Continued ) 



Symbol 

Pd46 

Pt78 

S16 

8n50 

Th90 

U92*** 

W74 

W74 

Zn30 

O 

6.33 

52.3 


8.84 

92.8 

101 

42.4 

42.4 

1 15 

k 

m 

82.21 

6.29 

19.59 

38.30 

39.30 

30.36 

(*••> 

10.79 


Symbol 

Q 

k.... 


Pdtt 
• S3 
17.60 


Pt78 
62.3 
32 21 


816 

0.003 

6.20 


Sn50 

8.84 

10.60 


ThOO 

02.8 

38.30 


U92*** 

101 

30.30 


W74 
42.4 
30 36 


W74 

42.4 


Zq30 

1.16 

10.70 


m/p 


0.100 

0.110 

0.120 

0.130 

0.140 

0.145 

o.iw 

0.160 

0.170 

0.190 
0 200 
0 220 
0 240 

0 280 
0.300 
0.320 
0 340 
0.360 
0 380 
0.400 
0.420 


16.2 

.0 

.3 


3.65 


1 10 

4.0 


3.37 

2.67 

4.36 


1 46 



4.05 

3.29 

6.14 

npTj 

1.80 


1 87 

4 83 


6.06 



1 96 

2.27 

5 72 


7.08 



2.26 

2.66 

6.75 

5.91 

7.66 



2.48 





0.272 


2 66 


7.90 

7.10 


0.296 

3 66 

3.10 

3.41 

8.90 

8 47 

1.84 


4.10 

% €1 



9 99 

8.34 

rH 

4.66 

4:16 




0.386 


4.78 





0.420 


5 4s 


3.49 



0.600 

BP1 

UJ 


4 25 


1 $ • j B 

0.580 

10.2 

8.60 


5.23 


mm 


12.6 





fQfTlf 

HRS 

16.3 



7.60 


11.6 


U.2 



8.90 


13.6 


21.6 



10.4 


15.8 

1 23 

rjj 



12 2 


18.2 

1.42 




14.5 


21.2 

1 68 

Ptm 

a 


17.1 


24 6 

1.78 

29 6 

( 

41 

19 8 


■m 

1.96 

1 



EH® 



0 376 
0 450 
0.630 

0 630 
0.750 

0.880 

1 02 
1.20 
1.38 
1.66 

1.79 
2.32 

2.80 
,50 
.30 

5.20 
6 20 
7.30 
8.50 
10.0 
11.6 
13 5 


3 

4 


•• From (■«»). 
ft From (••). 

tt Valam are computed from m/p - 0.283 + X/6; for experimental value* 
▼•d from observations on oom pound* ooaUdnmg H, m below (organic oom- 
If 40 < x < 100. m/p - O.IX*» — (»•»); also (**•). 

lU&terpolated from (*••). 

II From value (»••) 8.12 at X - 0.421. 

V^For X - 0 . 600 . m/p - 31. 

( Value* for 0.4 < X < 1.6 are calculated from observed values (**■) of 

v M. /p^* * or UiO* (ass p. 16) on the assumptions that (m/p)\ for U is 
proportional to (m/p)x for VtO t ), and that for U m/s - 41.0 at X - 0.400. 


s/p 


0.440 

42 6 

31.8 

2.2 

8.5 



20.4 

! 

15.4 

0.450 

46.0 





54 




0 460 

47.7 

Dj 


9.0 



30.0 


17.5 

0.480 


OS 


10.9 





19.7 

0.500 


46.5 


12.0 


71 ; 



22.0 


11.5 



15.8 


93 



28 1 

0 686 


73.5 

5.90** 

18.7 



66. 8** 


34 3 

0.631 

17.1 

87.0 


22.6 


88 

76 0 


43.0 

0 700 

23.9 

117 

98ttt 

32 1 


its 



59 0 

0.748 


m 


uSm 

,i 

57 



09.0 

0.910 


170 




92 



115 



166, 

HH 

87.0 | 


120 



152 


Symbol 

Q 


m/p 


Ag47 

A113 

Au79 

Cfl 

Cu29 

Fe26 

Mgl2 

6.91 

0.040 

65.1 

0.0018 

1.00 

0.65 

0.029 

17.80 

4.43 

32.64 

1.98 

10.49 

9.21 

4.01 


1.000 


14.2 

110 

1.50H 

133 

101 

1.090 

95.0 

18.0 

88 

2.00 

165 

127 

1.170 

113 

22.6 

104 

2 40 

206 

158 

1.293 

146 

30.0 

137 

3.20 

see 

207 

1.389 

173 



3.80 

38 0 


1.432 

192 

40.3 

179 

4.30 

42.0 

280 

1.537 

225 

50.0 

210 

4.90 

60.0 

324 

1.655 

280 

62.0 

266 

6.40 

63.2 

4*4 

1.762 

325 

73.0 


7.30 


56.0 

1.933 

410 

93.0 


9.20 

97.0 

70.0 

2.25H 

580 

436 


15.3 

143 

104 

2.500m 

696 

182 



202 


2.744m 

925 

248 



262 


3.026m 

1330 

320 



321 


>3. 353m 

1310 

433 



404 


3.432m 

1460 






3.692m 

1360 






4.146m 

461 

771 



621 


4.369m 

539 




730 


6.894m 

852 

1480 



1300 


6.973 m 

1260 

tsoo 



2120 


6.319m 

1770 

344 



3460 


9.868m 

2720 

553 



5030 


11,889m 


767 



7550 



15.7|| 

20.0U 


36.611 

54.611 

82. 8H 
126(1 


fivmhof. 

Ni28 

Pb82 

Pt78 

8n50 

U92 

W74 

Zn30 

Q 

0.87 

63.9 

52.3 

8.84 

101 

42.4 

1.15 

k 

9.68 

34.19 

32.21 

19.59 

39.30 

30.36 

10.79 

X 




m/p 



1.000 

115 

77 

166 

87.0 

120 


152 


145 

98 

87 

110 

133 


186 

1.170 


120 

100 

132 



tte 

1.293 

230 

154 

131 

176 

214 

105 

38.0 

1.389 


180 

155 

205 



45.0 

1.432 

311 

202 

171 

235 

272 

131 

50.5 

.1.537 

45.7 

230 • 

199 

275 

360 


59.0 

1.655 

67.0 

»vl— 

243 

325 



76.0 

1.752 

67.0 

335 


385 

431 


90.0 

1.933 

89.0 

420 

366 

490 

470 


115 

2.25(1 

129 


617 




170 

2 . 600 m 

180 


506 





2.744«t 

239 


756 





3.026m 

319 


939 

# 




3.353m 

384 


1120 





3.592 ttt 



1370 





4.146m 

627 


It 90 





4. 356 ttt 

735 







5.3»4ttt 

1250 


1640 





6.973ttt 

2000 


1190 





8.319Ut 

3140 


1530 





9.868ttt 

4540 


2440 


1 1 



ttt Another value (* 4 *) la 8.7. 

XXt From JOnason (DU*., Uptala, 1928) replacing values, obtaJhed by Allen 
with “end” radiations, referred to above. Objections to results obtained with X 
in neighborhood of absorption limits are not valid hers. Formula given after 
Table 3 can be used to calculate values of m/p for other substances. 




























































16 


INTERNATIONAL CRITICAL TABLES 


Table 5. II.- 


C 



-( Continued ) 


Cl 


Ma/(M«)tf ( 301 ) 


n tt 


0.100 

0.110 

0.120 

0.130 

0.140 

0.150 

,0.160 

0.170 

0.180 

0.190 

0.200 


m/p 


0.167 

0.171 

0.175 

0.178 

0.180 

0.183 

0.187 

0.190 

0.194 

0.198 

0.201 


2.20 

2.28 


HiO, Water; k = 2.972 


m/p 



34.50 


1.80 

2.02 


19.81 


0.496 0.220 
0.508 0.240 
0.520 0.260 
0.529 0.280 
0.536 0.300 


0.545 

0.555 

0.564 

0.576 

0.588 


0.320 

0.340 

0.360 

0.380 

0.400 


0.5971 0.420 


.662 
.695 
0.731 
.259 0.769 
.273 0.811 
.290 0.861 
.309 0.918 
.330 0.980 
.352 1.05 
.376 1.12 


m/p 


0.440 0.400 




0.812 

1.08 

1.38 

1.95 

2.18 

2.52 


1.19 

1.48 

1.78 
2.04 
2.41 
3.21 
4.10 

5.79 

6.47 

7.48 


NaCl, Rock salt crystals ( 6 *» «3) ; c j % ( 20 ) 

X *= 0.589 A, PI = reflecting plane, 0 = order of reflection, 
c ■* extinction coefficient, E = relative amount of integrated 
energy reflected, k = 9.645; p = 10.70 cmVg. 

o n Pi 1 "7T1 


loot 16.30 5.60 

HO 13 60 2.90 

2 200 1266 196 

3 300 10 72 0 02 


E 


100 
50 5 
19.9 
4.87 


• Secondary extinction only, 
t For plane 100, Kirkpatrick (**•) finds „ +« 
l.t0X*-«, if 0.24 < X < 0.68. 

Subctanoe Air COi 80, CH.I* 

100 <V 1-29 1.98 2.88 6.38 

7.26 10.57 23.42 


189X« » + 0.43 and t 

€ 


m/p 


/CaxO.555 0.59 

Kua0*92 0.98 1.42 

*8,0-855 1.78 2.12 

*Brl02 *. .. 3.02 

Ks«l 08 3.40 3.96 

Ka»1.15 v 4.10 6.00 

Ktml.AO 6.96 9.31 

*0*1-51 8.43 11.5 

*N|161 10.5 16.1 

*0,175 12.7 

*>•* 90 15.6 23.1 1 83 . 3 


• Value* of m are probably too small, 
t Gowdy's value* (»••) differ from these. 


line I KAufi 


97 

116 

198 

241 

282 

339 


CiH.Br* 

4.90 

17.98 


22.0 

42.9. 

66. 5 

19.6 
22.4 
28.1 
43.9 
53.1 
66.3 

2 



U.O. (»»•) 
Xi - 0.708 




5 

0.600 

0.631 

0.708 

0.750 


m/2.8 


Formula 


NtH« 

CtH«0> 

C.H.O 

CiH*Oi 

CtH*0» 

CiHtO 

C«H«0« 

C.H. 

C.H„0. 

CtH« 

C?H«0 


1.29 


KRhff 

K Ago 

0.540 

0.560 

1.90 

1.82 



Mail 

C#H,«0 


Subitance* 


Hydrasine 

Methyl formate 

Allyl alcohol .7 * 

Propionic acid. .. 

Dimethyl carbonate 

Methyl ethyl ketone 

Ethyl acetate 

Benaene 

Paraldehyde 

Toluene 

Bensyl alcohol 

Octan* 

Octyl alcohol . 



0. 187 | 0.207 0.227 I 0.247 I 0.272 


1.70 
3.08 
2.98 
3.82 
4.67 

3.71 
4.51 
3.84 




5.42 

6.03 

6.84 



3 

3.16 

3.92 

4.74 

3.87 

4.66 


7.04 

4.87 

5.64 

6.38 

7.17 


1.75 

3.14 

3.15 
3.90 
4.73 
3.84 
4.64 
4.00 
6.86 
4.83 
5.57 
8.29 
7.07 


1.74 

3.12 
3.09 
3.86 
4.67 
3.78 
4.60 
3.94 
6.83 
4.72 
5.52 

6.12 
6.96 




4.41 

3.75 

6.57 

4.40 

5.24 

5.70 

0.02 


1.60 

3.01 

2.70 

3.74 

4.52 

3.44 
4.25 

3.45 
6.42 
4.10 
4.95 
5.27 
8.13 


0.215 
0.2455 
0.2782 
0.3109 
0.3436 
0.3703 
0.4089 
0.4416 
0.4905 
0.5394 
0.5883 
0.0371 
1.6859 
0 . 7340 
0.7833 
0.8319 
0.8804 
0.9289 
0 . 9773 


0.420 

0.449 

0.465 

0.385 

0.517 

0.459 

0.412 

0.333 

0.349 

0.489 

0.445 

0.450 

0.454 

0.037 

0.325 

0.457 


.215 
.223 
0.237 
0.248 
0.263 
0.281 
0.309 
0.346 
0.391 
0.443 
0.504 
0.575 
0.057 
0.747 
0.850 
0.963 
1.09 


0.215 

0.227 

0.242 

0.255 

0.269 

0.289 

0.311 

0.348 

0.394 

0.449 

0.516 

0.592 

0.885 

0.787 

0.904 

1.03 

1.18 

1.34 


0.204 

0.214 

0.225 

0.238 

0.250 

0.285 

0.284 

0.312 

0.348 

0.393 

0.444 

0.504 

0.573 

0.650 

0.740 

0.840 


1.07 


0.236 

0.248 

0.201 

0.277 

0.294 

0.320 

0.355 

0.397 

0.444 

0.499 

0.565 

0.638 

0.720 

0.812 

0.916 

1.03 


0.252 

0.268 

0.286 

0.314 


0.210 

0.219 




0.244 

0.261 



0.394 

0.442 

0.506 

0.573 

0.652 

0.739 




0.947 

1.07 


0.391 

0.443 



0.737 

0.831 

0.943 

1.07 


7.77 

5.87 

4.88 

1.59 

2.10 

2.53 

12.3 

25.8 

38.7 


4.42 

3.93 

3.46 

3.00 

2.50 

2.78 

3.14 

3.50 

4.11 

4.95. 

50.0 

76.2 

126 

193 

312 


5.87 

4.88 

4.42 

2.10 

2.53 

2.78 

25.0 

42.5 

• 60 


3.93 

3.14 

[_81 

If 40 ’< X < 80; m/p — 0.2X*-*; if X > 80, the increase with X it lea* rapid; m/m 
paaae* through a maximum near X - 320 A (>•»* 1M). 

• For k. tee Table 4. 

t Value* have been deduced (*•*) from observation* (* ▼* •••) on compound*; 
the probable error is large. Better value* are given by the equation m/p - 0.283- 
.+ X/0; Met section devoted to the element*. 

X Used “ end " radiations of tube with Fe target. Value* of m/p nre too great. 


KCxia 

KCrfJ 

KCra 

1.54 

2.07 

2.29 

31.9 

61.1 

81.1- 


SCATTERING 

For distinction between the two types (modified and unmodi- 
fied) of scattered radiation, see p. 10. In most cases both types 
are measured together; from such measurements the coefficient 
(cr t ) of absorption due to true scattering can be obtained, but not 
that (a) of total absorption due to scattering. To find that, we 
must also find either <r a or both r and /* 0* ®r+<r = T + <r a + *,). 
As both <j a and r arise from loss of energy on account of the ejection 
of electrons from their energy-levels, it is exceedingly difficult to 
obtain either separately. Apparently, <r tends to 0 with X. For 
values of X of order of 0.01 A, it is assumed that r =* 0 for elements 
of low atomic number, and that <r/p is proportional to Z/ A for all 
elements ; for X of order of 0.1 A, <r. - (1 +<*),/( 1 + 2a), approxi- 
mately, when Z is small, and practically <r, « <r for other elements. 

For values of <r,/p, see Table 6. For variation of <r near absorption 
limits, v. (238). 

If (0) the angle of scattering is small, most of the scattered 
radiation is of the unmodified type; I m /I u increases with but 
decreases as X and Z increase, I m and /„ being, respectively, ^the 

intensities of the modified and the unmodified radiation (see Table 
7 and Fig. 2). 


Table 6. — Coefficients of Mass-Scattering 

<7 ® -f ojp ig measured directly. In column X, symbols 
of form y a indicate that filtered (through x cm of Pb) y-rays from 
lia(B -f C) were used. In general, filtered X-rays have been 
used; then X is the effective wave-length. Unit of X * 1 A • 
10-» cm; of e./p * 1 cm*/g. 
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Table 6. — ( Continued ) 



Ktt. | 

— 7 — » 

tf./p i 

Lit. 

Li3. — 

0.43 

0.165 

(243) 

(Cord'd) 

0.54 

0.157 

(243) 


0.66 

0.169 

(243) 


0.71 

0.168 

(191) 


0.79 

0.200 

(243) 

Mgl2 

7t.i 

0.035 

(198) 

Na23 

0.32 

0.173 

(243) 


0.43 

0.191 

(243) 


0.54 

0.248 

(243) 

Pb82 

7i.i 

0.034 

(198) 


7m 

0.030 

(288) 

Sn50. . . . 

7m 

0.032 

(256) 

Zn30. . . . 

7m 

0.035 

(256) 

HjO 

7m 

0.0383 

(247) 


0.32 

0.198 

(243) 


0.43 

0.206 

(243) 


0.54 

0.210 

(243) 


0.66 

0.216 

(243) 


0.79 

0.228 

(243) 


0.161 

0.185 

(313) 


0.240 

0.206 

(313) 


0.285 

0.170 

(313) 


0.501 

0.201 

(313) 

NaCl 

0.41 

0.234 

(213) 


Kit. 


i/p I Lit. 


A113 




Substance 

X 

*./p 

Lit. 

C|H«Ot 

Glycerol 

71.6 

0.0406 

(247) 

C.H. 

Bensene 

0.709 

0.238 

(191) 

C*H,i 

Octane 

0.709 

0.262 

(191) 

C,H„ 

Mesitylene 

0.709 

0.244 

(191) 


Turpentine 

7m 

0.0352 

(247) 


Filter paper 

* 

0.27 

(120) 


• Fairly soft X-ray., X«rf . - 0.75 A ca. 

t From (•), uming #/p - >»/p, and #•-(! + a)#/(l + 2a). 


As values of a given by the equation a = n — r (r being obtained 
by means of an empirical equation) are considered misleading, 
they are not tabulated here. 


Table 7. — Ratio or Intensity or the Modiited ( I m ) to that 

or THE UNMODiriED (/„) SCATTERED RADIATION 


Set also ( l38 » 208 t J1() ).* 0 = angle of scattering; the atomic 
number follows the symbol of the scattering substance. If d is 
small, I u is much greater than I m . 


HUEEHSOi 

0 = 120° 

0.700 A, 


(1) 

UK 

(1) 

/.//. 

(249) I 

(248) 

Li3 

00 

Wood 

2 73 

Be4 

8.72 

Paraffin 

4 69 

B5 

7.02 

C6 

1 45 

C6 

5.48 

A113 

0 91 

Nall 

3.04 

S16 

0 42 

Mgl2 

2.78 

( 2t 

10) 

A113 

2.61 

C6 

1 7 

Sil4 

2.33 

A113 . 

0 7 

816 

1.91 

816. . 

0 29 

K19 

1.72 

Cu29. 

0 32 

Ca20 

1.71 

Ag47 

0 21 

Cr26 

0.75 

• 

Pb82. 

0 024 

Fe26 

0.51 

( 2 ‘ 

10) 

Ni28 

0.40 

0.631 A, 

0 = 90? 

Cu29 

0.21 

A113 

1 1.0 


X = 0.709 A IMuKc) f 3 1 8 , 


(1) 

Wood 

Paraffin 

C6 

A! 13 

| 816 

0 




/ r» / u 



60 


1.19 

2.29 

1.08 

0.46 


75 


1.85 

3.10 

1.31 

0.74 

U 25 

90 


2.73 

4.69 

1.45 

0.91 

0.42 



3.21 

5.16 

1.82 

1 . 23 

0 67 



4.57 

5.49 

2.26 

1.45 


135 


5.38 

6.52 

3.42 

2.11 


150 


6.21 

6.98 

4.05 

2.52 


165 


7.00 

7.47 

4.86 



C6 (2®°£ 



0 = 120° 

X = 0.709 A 


X 

C6 | 

A113 

Lit. 

0 

/*// » 



UK 





5G0 

5.48 

2.61 

(349) 

60 

0.95 


0.709 

2.26 

1.45 

(348) 

90 

1.7 


1 






* Davia and Mitchell ( Pkys . Rev., Sept., 1928) have shown that, for carbon, 
the scattered radiation considered above as unmodified, contains as well as the 
truly unmodified radiation, rays of approximate frequency (p — p e ). They 
found no evidence of scattered rays of greater frequency than that of the primary 
radiation. Their results have an important bearing on theories giving distribu- 
tion of scattered radiation. The spectrum of the scattered radiation may 
depend on the intensity of the primary rays. 



Fio. 2. — Change in wave-length on scattering (»T-ii5). Radia- 
tion is MofCa line (X «= 0.71 A); scatterer is graphite (C). P = posi- 
tion of primary; T = calculated position of line as modified by scatter- 
ing;# = angle of scattering; /*> *= intensity corresponding to spectrom- 
eter angle tp. 

Change in Wave-length (Compton Effect).— -All attempts based 
on the classical theory of radiation to explain the change of X 
observed in the case of the modified radiation have been unsuc- 
cessful; this theory is, indeed, violated by the fact that the recoil 

electron is ejected at the same time as the scattered radiation is 
emitted ( 43 , 54 ); c /. Fig. 2. 

The energy and directions of emission and ejection of these elec- 
trons are those required by the quantum theory (U4) ; &n d by 
assuming that the conservation principle of energy and of momen- 
tum apply to the electron and the quantum, each regarded as a 
single entity, it is possible to calculate the frequency of the radia- 
tion scattered in a given direction ( 0 ) with reference to the primary 
beam ( l04 » 105 , 130). if the electron is free {u e = 0) and initially 
at rest, the conservation equations are 

h(p - p 9 ) = m 0 c : / - ? - i \ 

\ \/l — v*/c* / 
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and 



2h'yvQ cos 0 

C» 



\e = X + (0.0486 sin 2 9/2) 



and the energy (£*>) of a recoil electron ejected in the direction 
<t> (^90°) is E<p = { 2h ya cos 2 + ((1 4* a) 2 — a 1 cos 1 <p\ f 
where v and X refer to the incident radiation, and vq and \$ to that 
scattered at the angle 9, v is velocity imparted to the electron, 

tan ip/2 = — y _f a ' an ^ v?, like 9 , is measured from the direction 

of propagation of the incident beam; see ( 104 ). This change in X 
is the same as, on the classical theory, would result from the 
Doppler effect if the initial velocity of the scattering electron were 
ca/(l + a) and lay in the direction of propagation of the incident 
radiation; and, to a first approximation, it agrees with all the 
observed values ( see Table 8). 

Scattering by bound electrons has been similarly treated ( 108 , 
208 ). By taking into account the motion of the electron in its 
Bohr orbit, and assuming that the reaction between the electron 
and the impinging quantum is instanteous, a fair explanation 
only of the observed facts may be obtained ( 208 );c/. ( 110 ). Unless 

the electron is dislodged from its energy level none of the scattered 
radiation is of the modified type. The frequency of the modified 
radiation scattered by electrons of a given energy level (character- 
ized by v t ) will have a definite maximum ( v — *>«); hence the 
spectrum of the radiation scattered at a given angle should show a 
series of bands; they have not yet been observed. The short 
wave-length, c/(* - Vt ), corresponding to any level, coincides 
exactly with that which characterizes the radiation excited by 
photoelectrons coming from the same level, but, in spite of early 
evidence to the contrary, it is certain that photoelectrons do not 
excite an appreciable amount of such tertiary radiation (U, 40, 
■•-*6, loo, 170, 172). F or treatment of the Compton effect by 
the new quantum mechanics, see (140, 164, 222 , 299, 332) 


Table 8. — Change in Wave-length on Scattering (280) 

SXob.. = X* — X, where X* = average wave-length of th 
modified band scattered at angle 0; 6X<*, 0 . = (0.0486 sin 1 9/2 ) 4 
is the value calculated on assumption that the scattering electron 
ar ° initially free and at rest; atomic number and symbol of scattei 
ing substance are in column (1). ax**. has been found to equs 

ax^io. for X’s lying between 0.211 A and 0.709 A, and for 
between 30 and 170°; see (H» 42, 72 , 73 , 75 , 76, 105 , 106 , 107 111 

IIS, 126, 170, 275-281, 302, 329, 346) ; the 8ame j, probably tpu 

for y~r ays from Ra, but the data are not conclusive, the value 
of X and of X« having been merely inferred from the observe 
coefficients of absorption in Pb; see (105, 192); c y. pig. 2 Uni 
of X and 6\ = 0.001 A = 10 -11 cm. 


(1) 

C6 

X 

709 

709 

709 

709 

631 

700 

1 e 1 

C6 

ou 

ah 

C6 

ou 

QO 

All 3 

on 

A113. 

oU 

on 

816 

on 

Cu29 

f U<7 

709 

t7VJ 

on 

Ag47 

709 

on 

Pb82 

709 

cJU 

90 


gXofa* 

3 ± 1 

12 ± 0.1 
23.6 ± 0.3 
24.4 ± 0.1 
24.2 ± 0.1 
24.0 ± 0.5 
24.4 ± 0.2 
23.8 ± 0.2 
24.0 ± 0.2 


3 

12.1 
24.3 
24.3 
24.3 
24 3 
24.3 
24.3 
24.3 


». ) ._ Several atterapta (cf Table 9)> all — 
Actr^r^ P ? ! .V he CC ? terS 0f SCatt€rm « are the individual 

electrons oienuu to the nucleus, have been made to derive an 



expression for I* a [/**«, I*%] in terms of 9 and 7, the intensity of 
the unpolarized incident radiation. All obtained are of the form 
/.6a = %IF\{\ + cos 2 9), where 9 is the angle of scattering 
as measured from the direction of propagation of the incident 
radiation and ij = e 4 /mjc 4 . None of the expressions is entirely 
satisfactory. It is possible that one may be deduced from wave 
mechanics. Meanwhile, a qualitative explanation of the facts 
may be obtained as follows (174, 176, 210, 338). tZ-electrons 
scatter the radiation coherently, so that, if the number of U-e lec- 
trons is known, the distribution of the modified radiation can be 
approximately computed by the method used in obtaining expres- 
sion 2 (Table 9). /2-electrons do not scatter the radiation coher- 
ently, so that, for wave-lengths of the order of 0.7 A, 1^ (t>. 
Table 9) for the unmodified radiation would be equal to 
(1 4- cos 2 9)v '/v ( v . 1 of Table 9), R$ being the number of /2-elec- 
trons involved in scattering the modified radiation through the 
angle 9, y' the frequency of this radiation, and v that of the primary 
radiation. The above expression only holds for moderate wave- 
lengths, as I, e diminishes as v increases ( see 4, 5 of Table 9, and 
comments thereon). 



of X ' ray ’ by waphite (C) and beniene (C.H.) 
.. * ae t-/*H#-curve is typical of tho scattering by non-crystal- 

line substances, the C-curve of that of crystalline substances. The 
difference between the two curves arises mainly from the difference in 
e regularity of the arrangement of the molecules in the two cases, 
incident radiation consisted mainly of the Mo K a line (X - 0.71 A). 
lo - intensity of radiation scattered at angle 9. 


All the theoretical expressions for F make it, and hence /•**, 
a maximum when 0=0, and, for gases, I.o m in the region 0 ^ 0 < 
r '2 (c /- ( ls, » has a single maximum at 9 = 0, so that the unmodi- 
fied radiation is scattered coherently by single molecules (*76). 
In solid and pure liquid radiators, in which the atoms are arranged 
in a more or less orderly manner, 7,# a apparently - 0 at 9 = 0 
and has at least one maximum between 0=0 and 0 = *72 
(14S, m, 203); ^ (133, 216 , 314, 351). See Fig. 3. This results 
rom interference between the radiations scattered by the different 
atoms or molecules. The value of 9 at which the maximum occurs 
is approximately proportional to X. For some liquids there are 2 
maxima (217, 21 8, 3i4) f an d f or crystalline solids there may be 

^8* 3). For theories of scattering by liquids, see ( 121 , 

» 552). Owing to such interference, correct values of I,$a, 
»$m t or /.$,• for small values of 0 cannot easily be derived from 
experiments on liquids or solids, except in certain cases with 
crystals, for which such expressions as 3 of Table 9 can be used; 
ut as 0 increases, the effect of interference appears to decrease, 
or istribution of radiation diffusely scattered from single 

crystals, see (203). p or effect of temperature, see (•». >28, 200, 
204, 357, 355) ’ v 
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Table 9. — Typical Formulae for the Scattering Function (F) 


If incident radiation is unpolarized, I,Ba “ \iJrFK 1 + cos 1 0); ij = e 4 /m£c 4 ; a = hy/moC*; ^ = (4r&»»A) sin (9/2 ), where S m » * 
distance from the m'th to the n'th electron; E = total energy reflected at angle 0 by a thick, ideally imperfect crystal rotating with a 
velocity of « radians per sec, 0/2 being the glancing angle at which the incident radiation (energy E i per sec) is reflected by the crystal, 
M the effective absorption coefficient, N *» number of scattering unite* per unit of volume, and " ,0 * is the Debye temperature 

coefficient ( l28 » 357 » 358 )-. For other symbols, see p. 8. 


tThomson 



2. tDebye-Thomson. . . 


3. JDarwin-Compton . 


Z, &aa —0 

m — Z n — Z 

X X (Sin +)/+, <Taa 

m-1 n - 1 

4Eojh sin 0 


4. || Compton 


|| Breit- Dirac 


. e l B ( r ) «0* 0/iJA* 


EiNWri (1 + CO8*0) 

(1 + cos 3 0) + 2a(l + «)(1 + COS 0)* 

(1 -f cos 1 0)(1 -f a — a COS 0)* 

Z 1 


(1 + a — a COS 0) 1 


8tZt?(1 t a / 
3(1 + 2 ay 

2 xZ, ■ 


2a(l -fa) ! , i , o x 

_ r+2« “ log,(1 + 2a) 


(356, 123, 
124) 

(105) 

(66, 140) 


* Unit — atom, molecule, etc., ate (•*). 

f Haa a very limited application, aaaumee that electrons scatter independently 
of each other. In any case, only holds over a moderate ranee of wave-lengths. 

X Aaaumee there are no recoil electrons, that all the scattered radiation is 
unmodified in X, and that the electrons have fixed positions relative to the 
nucleus; cf. ( 104 * *•*» *••). 

| Has been used to determine P, which in this case is called the scattering fac- 
tor, for atoms and ions in imperfect crystals, but only applies to the unmodified 


radiation, tee ( ,74 » 1 7 *» 31 °» 331 ). For corresponding formula for perfect 
crystals, and discussion of problems arising from the fact that in practice crystals 
are not perfect, ett ( 1J4 ); cf. ( 40 * #1 * 11 °). 

|| Baaed on quantum theories. Assumes the natural frequencies of the scat- 
tering electrons are small as compared with that of the incident radiation, all 
the scattered radiation then being of the unmodified type, and therefore incoher- 
ent. It requires that 9 — 0 when X - 0; for very small values of X, it gives too 
small a value of a, ace ( ,7T ). 


Table 10. — Observed Distribution of Scattered Radiation 

Incident radiation un polarized. /^«(or /.*» or /,* ) =* 

^/F*»j(l + cos* 0); 1 ? => e 4 /moC 4 cgse unite; 0 = angle of scatter- 
ing as measured from direction of propagation of incident radi- 
ation. Effect of interference ( see above) has been ignored, hence 
values of F ar*e only approximately correct. Gap = length of 
spark-gap; unit » 1 cm. 

Scattering by atoms or molecules 
Values of (F#/Fio)* are given below, cf. ( 30 » 97 » 253 » 359 » 360 ). 
Primary rays have not been obtained by reflection from crystals. 

Paraffin wax ( l77 ), X = 0.012 k ca. 


0 

33 

! 45 | 

67 | 

90 | 

110 | 

130 

1 4- C08* 0 

1.70 

1.50 | 

i .i5 ; 

1.00 

1.12 

1.41 

(F 0 /F % o) f 

5.05 

3.33 i 

1 65 

1.00 

0 63 

0.43 


Filter paper ( l2 °), unfiltered X-rays 


Gap 

1.0 

1.5 

2.1 

3.5 

4.0 

0 

1 -f* cos* 0 

(Fe/F 9 „)* 

10 

1.97 

1.86 

1.88 

2.15 

2.18 

2.33 

15 

1.92 

1.69 

1.80 

1.87 

1.69 

1.49 

20 

1.88 

1.54 

1.60 

1.46 

1.45 

1.22 

25 

1.81 

1.39 


1.26 

1.29 

1.09 

30 

1.71 

1.22 

1.22 

1.13 

1.20 


40 

1.59 

1.12 

1.09 

1.05 

1.05 | 

0.96 

Substance ( l57 ) 

Li 

Na 

K 

HjO 

CHjOH 

» 1 

1 + cos* 0 


(F,/F , .)», X = 0.19 A 


10 

1.97 


3 18 

3.24 


1.34 

20 

1.88 


1.79 

2.02 


0.85 

30 

1.75 

■JR® 

1.66 

1.54 

0.94 

0.90 

40 

1.59 


1.71 

1.21 

0.92 

0.90 

50 

1.41 

1.00 

1.18 

1.18 

0.96 

0.9S 

60 

1.25 

1.08 

1.19 

1.19 

0.98 

0.94 

70 

1.12 


1.03 

1.03 


0.99 

80 

1 03 

1.04 

1 04 

1.04 



90 

1.00 

1.00 

1.00 

1.00 


1.00 

100 

1.03 






110 

1.12 






120 

1.25 

0.96 

0.98 

0.98 



130 

1.41 







Table 10. — ( Continued ) 


Substance ( l57 ) 

Li 

Na | 

K 

H 2 0 

CHjOH 

0 

1 + cos* 0 


(F$/F. 

90 ) 2 , X = 0.19 k 


140 

1.59 

0.95 

0.79 

0.79 

0.98 

0.93 

150 

1.75 




1.01 


160 

1.88 

1.02 

0.67 

0.67 

1.02 

0.88 


Cu (*>*); X = 0.41 A; Fl„ = 1.49 Z = 43.2 


0 

40 

50 

60 

70 

80 

90 

100 

110 

1 4- cos* 0. . . 

1.59 

1.41 

1.25 

1.12 

1.03 

1,00 

1.03 

1.12 

(F e/Fto ) 2 . . . . 

3.26 

2.41 

1.68 

1.60 1 

1.44 

l.oo; 

0.97 

1.03 


Scattering by ions in single crystals 
Data are derived from the intensities of reflected rays, and 
apply to the unmodified radiation only; they require correciion 
for temperature, v. ( 6l > 128 » 200 i 354 » 355 » 357 i 358 ), and may con- 
tain small errors due to uncertainties in the values of the extinction 
coefficients. They indicate that as 0 approaches zero, F approaches 
a value equal to the number of extranuclear electrons associated 
with the ion; e.g. y 10 in the case of Na + . In each case, the number 
of such electrons is indicated by a subscript; e.g. } Naf 0 . t = 290 e C. 


NaCl, Rock salt 


X 

. = 0.586 A («», 62, 63 

: ) 1 

HBSEIJG 

\SS);cf. (183, 

Ion 

NaJo 

CI7, 

Nat. 

cir. 

1 Nat, 

cir, 

Nat, 

cir, 

0 

f : 

1 f 

*2 

F 

/' 

*2 

n.4 1 

8.32 

12.72 

69.2 

161.8 





12.5 





9 00 

13.6 

81.0 

11 S3 

15 

7.61 

10.59 

57.9 

112.1 




I 

1 

20 

6.23 

8.60 

38.8 

74.0 

7.00 

9.45 

49.0 

’ 89.1 

25 

4.91 

7.44 

24.1 

55.4 





30 

! 4.01 

6.50 

16.1 

42.2 

4.48 

6.72 

20.1 

44 2 

35 

1 3.37 

5.78 

11.4 

33 4 





40 

2 75 

r 

5.15 

7.56 ; 

26 5 

2 . 70 

4.86 

7 . 20 

23 6 

45 

. 2.22 

4.61 

4.93 

21.2 

< 

i 



50 

1.76 ; 

4.15 

3.10 

17.2 

1.75 

3.56 

3 On 

12 7 

55 

; 1 37 

3 70 

1 . 8.8 ! 

i 

13 7^ 


| 

| 

| 


60 

j 0 76 

3 16 

0.5S 

10 0 

1 . 02 

2.55 , 

1.01 1 

i 

(. 50 

70 

* 





0 55 

1 82 ' 

0.31- i 

.1 5l 

80 



! 1 

l 

p 

0. 19 , 

1 34 | 

0 01 

t SO 
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Table 10. — ( Continued ) 


NaF (»85) 
Nat, I FT, 



17.6 
20 
30 
40 
50 
60 
70 
80 
90 


Li t 

E26 

1.25 

1.00 

0.70 

0.45 

0.31 

0.17 

0.13 

0.10 


(185) 

10.709 

! A 

CaF, (185); 
cf. (Ml) 

1 ft, | 

1 i° n 

1 Ca Jf 

1 ft, 

P || 8 

F 

5.89 i 

12.9 

15.9 


5.5 

20 

12.9 

6.00 

3.4 

30 

9.7 

3.35 

2.22 

40 

7.3 

2.25 

1.55 

50 

5.75 

1 58 

1.07 

60 

4.76 

1.23 

0.75 

70 

3.76 

0.93 

0.58 

80 

3.00 

0.70 

0.47 

90 

2.62 

0.52 


V , , O** V » V *»V f I ^ | f 1/Oj 

For effect of temperature on intensity of reflection of X-rays 

from crystals and latest interpretation of results such as those 

given above, see paper by James, Waller and Hartree, 5, 118: 334; 

28 . 1 9 

RELATIONS BETWEEN ABSORPTION, SCATTERING AND 

ELECTRON EMISSION 

On the quantum theory of absorption and scattering, the inten- 
sity of a radiation of frequency c is N h», where N is the number of 
quanta of energy that pass per unit of time through a unit of area 
taken normal to the direction of propagation. Hence I, = 
is equivalent to N. = N *r~, and if each 8Cattered tum 

were accompanied by a recoil electron, then ,/, would equal 

N *l,' , A R and Nr are ’ res P^tively, the numbers of recoil- 

BUt 8 ° me ° f the 8Cattered radiati0 “ (‘he 
unmodified) IS not accompanied by recoil electrons, hence in 

\Tnd7 T > N * /N l ThCSe tW0 rati0S a PP roach equality as 
Af „ l ^crease, either separately or conjointly. The values of 

Afs and A, have been determined only for gases; for values and 

comparison of Nr/N t with <r/r, see Table 11. 

nhotl/ Where " C . i * 7 value of ”• for the K-level, then more 
photoelectrons are emitted from the tf-level than from all others 

• ), and most of the absorption occurs in that level (c/ Fig 

from fh CVery Tf th f r ? Ut ‘ Ve numbers of Photoelectrons ejected 

laZes of “rand ^ ° n V* e rC ' ati ° n of ' to th e several 

values of and none are ejected from those levels for which 

electro ^ 8,milarly - M the number of photo- 

7 emitted Wlth encr «y h- » negligible, it U concluded that 

tZ Mo7nh7 U r ? negligib,e amount of Photoelectric absorp- 

2n f Ph °7 lectr0n8 are emitted in the direction of propa- 

^the^d^tmn.tha^in the opposite dZctL 

Table 11. -Relation between Absorption and the Number 

OF Ejected Electrons 

electrons^ fc “Cng 7 °' Ph<>t<> - 

cients of scattering and of photoelectric ab^htim- VJlt 

C then N,S 7 / 8Cat p red , radiation « of the modified 

produced by ^s, tSTSTl 

r nge = 1 mhn; of V = looo L " * A " «>- cm; of 

Homogene ous X-rays,* various gases (»4> ) ; c/ . (2 08 ) 

0.340 



Filtered X-rays, Air (113) 



• Rays reflected from a crystal, 
t Calculated on assumptions of Jauncey (*••) 

APPARENT COEFFICIENT OF ABSORPTION 

If the absorbing plate is placed very close to the ionization 
chamber, radiation scattered from the absorber enters the cham- 
ber. The apparent coefficient of absorption <y) so obtained is 
less than the true. All the following data refer to such apparent 

coefficients. For effect of method of filtration on value of u’ 
see (177). 

Table 12.— -Apparent Coefficient of Absorption op Certain 

Groups of y-Rays 

Absorbing plate is close to ionization chamber. *»' * apparent 
coefficient of absorption; absorbing substance is indicated by 
subscript. Values of U'/p)*, are at end of table. Unit of 

p /p = 1 cm*/g. 



7 - Rays 


Absorbing plates are close to ionization chamber. The radiation 

increasing the thickness of the absorbing 
plate increases the hardness of the transmitted radiation until M ' 
finally reaches a fixed minimum value, cf. (*«, 308, 80S). | t i 8 this 

minimum that is tabulated. (For variation of / with filtration, 
see Table 14.) Unit of p - 1 g/cm«; of - 1 cm"*; of p'/p - 
1 cmVg. 


Absorber 


ioog<7p) m u 


Paraffin 
Glass 

Magnesia f 



K. University 
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Table KL — ( Continued ) 




Absorber 

i 

P I 

1 

Th-C" 1 

Ra-C 

W w W — — 

Ms-Thj 

U-X, 

Slate | 

2 S54 

3 37 

4 14 


4.69 

Al, Z =13 

2.77 

3.24 

4.00 

4.21 

4.69 

S,; 2-16 

1.785 

3.69 | 

4.38 

4.65 

5.16 

Fe. Z = 26 

7.62 

! 3 2S 1 

3.99 

4.15 

4.72 

Cu, Z = 29 

8.81 

i 3 34 | 

3 98 

4.23 

4.72 

Brass 

8.35 

: 3 25 

3.89 

4.25 

4.70 

Zn, Z = 30 

7.07 

, 3 30 

3 93 

4.24 

4.65 

Sn, Z =50 

7 . 245 

i 3 26 

3.88 

4.21 1 

4.70 

Hg. Z =80 

13.59 


4 . 72 § 


6.12 

Pb, Z - 82 

11 4 


4.34|| 

5.44 

6.36 


* Paraffin wax. values of m min are high on account of presence of H. 
t Magnesia brick. 

X Values of *i'*in are probably too high, 
f Valid for thickness between 1 and 25 cm ( a • 3 ). 

|| Valid for thickness between 2 and 22 cm ‘ 308 ); cf. (* 08 * * 11 ). 


Table 14. — Apparent Coefficient of Absorption or Filtered 

7-Rays 

Rays from Ra(B and C). Unless the filtering is such that, for a 
thin plate of the absorber, p = p'mm of the absorber (t>. Table 13), 
an additional filtering through the absorber will cause p' to 
approach p «»*• In general, the filtered rays are softened by 
transmission through a substance of lower atomic weight than the 
filter, and are hardened in the reverse case ( 167 ). For the follow- 
ing data the filter consisted of two plates: A “hardener” H of 
thickness /a, and a plate of the absorber of thickness /». After 
passing through these plates in the order named, the apparent 
absorption (p) of the rays by a second plate of the absorber, thick- 
ness x , is measured. The three plates are stacked close together 
and the plate of thickness x is in contact with the ionization 
chamber. Observed values of p/p may be compared with those 
of Table 13. Unit of /„, /a, and x = 1 cm; of p/p *= 1 cm*/g. 


Absorber = A1 ( 249 ), x *» 3.2 cm 


fa = 

0.2 

3.4 

6 6 

9.8 | 

13 

H 

u 

IOOmVp 



9.57 

4.27 

4.23 

4.24 

4.23 

Cu 

2.4 

3.58 

3.85 

4.02 

4.03 

4.04 

Sn 

2.5 

3.18 

3.51 

3.71 

3.83 

3 81 

Pb 


3.54 

3.75 

3.85 

3.96 

3.99 

Pb 

1.1 

2.92 

3 21 

3.41 

3.61 

3.64 

Pb 

2.0 

2.77 

3 15 

3.23 

3 41 

3.48 

Pb 

2.9 



3.22 

3.30 

3.38 

Pb. . . • 

3.8 

I 2.52 


3 15 

3 27 

3 35 


Absorber «= Fe ( 249 ) 


x = 

0 8 | 

1 

2 2 

2 

2 

2 

/- = 


1 

2 1 4 

6 

8 

10 


H 


lOOp'/p 


Al. 

Cu 

Sn. 

Pb 

Pb 

Pb 

Pb 

Pb 


0 

7.5 

2.4 

2.5 
0.2 
1.1 
2.0 
2.9 
3 8 


4 53(?) 
4.58 
4.16 
3.56 
3 83 

‘2 91 3 37 

2.79 3.15 

2 75 3.07 

2.71 3 04 


4.28 

4.20 

4.13 

4.02 

3.95 

4.21 

4.08 

4.02 

3 97 

3.94 

4.11 

4.02 

4.01 

3.93 

3 92 

3.84 

3.86 

3.90 

3.89 

3.89 

3.96 

3 98 

3.97 

3.96 

3 92 

3.53 

3.67 

3.76 

3.78 

3.83 

3.39 

3.57 

3.70 

3.72 

3 76 

3 32 

3 51 

3 64 

3 68 

3.70 

3 29 

3 50 

3 61 

3 67 

3.70 


Absorber — miscellaneous ( 81 > 82 ) 
Hardener = Pb; /„ = 0; x is not stated 


A - 

0.3 

1.0 | 

1 A = 

0 3 

10 

Material 

100 p'/p | 

Mateiial 

| ioo/A> 

Air (gas) 

4.8 


C0 2 77. . . . | 

5.1 


Air (liquid) 

4.84 

4.60 

H 5 0 (liquid) 

5.58 

■29 

H 

4.7* i 

1 

Wood 

5.21 ' 

m3 


• Apparently too small; cf . (' ). 
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UNITS AND CONSTANTS 

All quantities are expressed in pgse (cgs electrostatic) units 
unless others are indicated. Wave-lengths are expressed in Ang- 
strom units (A), or in mA (1mA = 0.001 A = 1XU = 10~ n cm), 
electrical potential in absolute volts (1 abs. volt • 10 8 cgsm unit = 
3.3349 X 10" a cgse unit = 0.99958 Int. volt (v)*) and in absolute 
kilo-volts (kv). 

For the Rydberg constant (N m ) and the Rydberg frequency (* x ) 
the following values, differing from the “derived" values given in 
\ ol. I, p. 18, but agreeing wdth experimental determinations, are 

* defined by the equation. Weston normal cell at 20°C «= 1.01S300 Int. 
colt. 

' Data U P t0 June. 1^25. were collected by W’ebster and Nicholas, all data on 
beini col le' ted by Nicholas and all other data by Webster. Owing to uuavoidab 

of the old »o as to bring the report up date. This was done for line spectra i 
Nicholas. 

> For data concerning the “/-phenomenon” and the polarisation of X-rays, 


UNITES ET CONSTANTES 

Toutes les unites sont exprimdes en unites cgse (cgs eiectro- 
statique) k moins d’une autre indication. Les longueurs d'onde 
sont exprim6es en unites d’Angstrom (A), ou en mA (1mA = 
0,001 A = 1XU = 10 _n cm), le potentiel eiectrique en voltes 
absolus (1 volte abs. = 10* unites cgsm = 3,3349 X 10” s unites 
cgse = 0,99958 volte Int. (v)*) et en kilo- voltes absolus (kv). 

Pour la constante de Rydberg ( N m ) et la frequence de Rydberg 
(**) valeurs suivantes, differant des valeurs “d6riv6es M don- 
ees dans le Vol. I, p. 18, mais en accord avec les determinations 

* Tel qu’il est ddfini par liquation, pile Weaton normale k 20°C - 1,018300 
volt Int. 

the fine structure of absorption limits and the effects of chemical combination 
e delay in publication, it became desirable to add new data and to revise certain 
i December, 1927, by Siegbahn and for continuous spectra in May, 1928, by 

\u p. 1 and p. 2. 
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used: N. = 109 737 cm-> = 3.29057 X 10“ sec"'. Sieg- 

bahn s value (d c = 3.02904 A) for the grating space of calcite in 
first order is used. 

NOTATION 

Genera!.— Except as otherwise defined, symbols are to be 
interpreted as defined in Vol. I, p. 16. 

i Cathode ray current reaching the target. 

h Apparent intensity: the value of ionization current 

obtained by complete absorption of J+ in the gas in the 
ionization chamber. 

J * Intensity (energy) of radiation in direction * with refer- 
ence to cathode rays. 

it K n Quantum numbers (v. p. 25). 

N. Rydberg’s constant, commonly denoted by R. 

S, a Screening numbers ( v . p. 29). 

V Electrical potential. 

Vo Excitation potential. 

I r Tube potential : The effective accelerating potential acting 
upon the cathode rays. 

A Difference, e.g. } AX = difference in wave-length. 

* Angle the direction of propagation of the observed beam 
of X-rays makes with the direction of propagation of the 
exciting cathode stream (see Fig. 19 ). 

v frequency, not reciprocal of wave-length. 

"o High frequency limit. 

r * Rydberg’s fundamental frequency. 
d(j Elementary solid angle. 


EINHEITEN UND KONSTANTE 

A lie Grossen sind im cgsc (cgs clektrostatisch)-Einheiten ausg 
druckt, ausser es ist etwas anderes angegeben. Es sind ausg 
druckt, \\ellenKngen ,n Angstrom Einheiten (A) oder in m 

(1 ",A = 0.001 A = !XU = 10- cm), das elektrische PotenL 
in absoluten Volt (1 abs. Volt = 10* cgsm Einheit = 3,3349 X10 

oK = ’" 958 Int - Volt (V,,) und in absoluten Kilo vo 

F(ir die Rydberg-Konstante (N.) und die Rydberg-Freque, 
('*) " e . rdCn "r? C gebrauoht ' die von den “abgeleitetcn ” Wert, 

abvveichen, welche „n Band I, S. 18 angegeben sind, aber mit d< 
expenmentellen Daten uberemstimmen, und zwar ist N. = 109 T 

bTlnfu' 7 3 ’r 9057 a X l0 ' S 8CC '‘ 1 ' & wird der Wert von Sie 

W «— • *“ «• 

bezeichnungen 

Allgemeines. \\ enn nicht anders angegeben die SvmKn 
ontsprechen den, welche ,m Bd. I, S. 16 festgelegt 'sind 

* Auftreffender Kathodcnstrahlenstrom 

* Inten f‘ ,at: der Wert des Ionisationsstromi 

d " h t Cme vollstandige Absorption von J, im Ga 
der Ionisationskammer prhalten wird 

Intensity (Energie) der ^trahlung in der Richtung * ra 
Bezug auf die Kathodenstrahlen. 

Quantcnzahlen (t\ S. 25). 

Konstante, meistens mit R bezeichnet 
Abschirmungsznhlen (e. S. 29). 

Elektrisches Potential. 

Anregungspotential. 

Rohrenpotential : d« effektiv beschleunigende Potent, a 
wirkend auf die Kathodenstrahlen rotentia 

Differenz d. i ^ = D.ffcrenz in Wcllenl4 
Fort of Ian en bcobachteten Rontgenstrahlen mit d, 

Int Volt. d,e Gle,chun «* Heston- Normalelement bei 20°C - 1,01831 


J* 

>. K n 

S, 8 
V 

v t 

V T 

A 

+ 


h 


exp^rimentalcs, ont 6t6 utilises: N . = 109 737 cm" 1 , >«, » 
3,29057 X 10 ,s sec' 1 . La valeur de Siegbahn ( d c = 3,02904 A) 
pour la constante du r6?eau de la calcite est utilisde en premier lieu. 

NOTATION 

G6neralites. A moins d une autre indication, les symboles 
doivent Hre interpr£t& comme d^finis dans Vol. I, p. 16. 

Courant de rayons cathodiques atteignant l’anticathode. 
Intensity apparente: la valeur du courant d’ionisation 
obtenu par 1 absorption complete de J+ par le gaz dans la 
chambre d’ionisation. 

Intensity (Onergie) de la radiation dans la direction * par 
rapport aux rayons cathodiques. 

Nombres quantiques ( v . p. 25). 

Constante de Rydberg, commun6ment d&?ign6e par R. 
Constante de reduction ( v . p. 29). 

Potentiel 61ectrique. 

Potentiel d’excitation. 

Potentiel du tube: le potentiel accdlSrateur effectif, 
agissant sur les rayons cathodiques. 

Difference, e.g., AX = difference dans la longueur d’onde. 
Angle que fait la direction de propagation du faisceau de 
rayons X observes avec la direction de propagation du 
courant cathodique d’excitation (roir Fig. 19). 

. . , non reciproque de longueur d’onde. 

Limite de haute frequence. 

Frequence fondamentaieMe Rydberg. 

Angle solide eiementaire. 


J i 

j, k, n 

N » 

5, 8 

V 

Vo 

V T 

A 


Vo 


do) 


UNITA E COSTANTI 

Tutte le quantity sono espressc in unit* cgse (cgs elettrostatico) 
meno che non venga altmncnti indicato. Le lunghezze d’onda 

ivit .V" “ Angstrom (A) o in mA (l mA = 0,00lA = 

"V = o, C, ? ) ’ 11 potcnziale elettrico in volte assoluti (1 ass. 

vo V „ Um L a , CgSm l = 3 ' 3349 X 10 - J unit4cgse = 0,99958 Int. 
volte (v) ) o in kilo-volte assoluti (kv). 

Per la costante di Rydberg (A.) e per la frequenza di Rydberg 

'‘dir,vaH-‘7r° ‘ Va !° n scgucnti che diffcriscono dai valori 
eon Th i ( SOn ° dat ‘ " el V °' 1 P‘ 18 » ma 3000 d ’accordo 

spenmentali: A. = 109 737 cm'., e. = 

nrim a • a 860 ^ ^ Gr f ^' stanza reticolare della calcite in 
pnmo ordine i usato il valore di Siegbahn (d, - 3,02904 A). 

notazione 

Eccetto che venga altrimenti indicato i simboli 
Vol I p V l6 ,re lnterpretat * secon do le definizioni indicate nel 


h 


rren e 1 raggi catodici che raggiungono il-bcrsaglio. 
n nsit apparente: valore della corrente di ionizzazione 
o enuta per mezzo dell ossorbimento completo di J± del 
gas nella camera di ionizzazione. 

Intensity (energia) della radiazione nella direzione ^ 
nspetto ai raggi catodici. 

Numcri quanta ( v . p. 25). 

Costante di Rydberg comunemente denotata con R. 
iNumen di schermo ( v . p. 29). 

Potenziale elettrico. 

Potenziale di eccitazione. 

Potenziale del tubo: il potenziale di accelerazione effettivo 
che agisce sopra i raggi catodici. 

ifferenza, per es., AX = differenza in lunghezzr, d'onda. 
Angolo che la direzione di propagazione del fascio di raggi 
osseryato fa con la direzione di propagazione del 
tascio dei raggi catodici eocitanti (vedi Fig. 19). 

volt^n™ 6 defin,t ° dal1 ® qu *“ one * unA P' 1 * normalo Weston a 20°C - 1,018300 


il K n 

V. 

S, s 

V 

) 

0 

* 

r 
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v JFrequenz, nicht der reziproke Wert der Wellenlange. 
v 0 Hochfrequenzgrenze. 

v. Rydberg's fundamentale Frequenz. 

do) Elementarer fester Winkel. 


v Frequenza, non il valore reciproco della luughezza d'onda. 

v 0 Limite di alta frequenza. 

v. Frequenza fondamentale di Rydberg. 

do) Angolo solido elementare. 


Table 1.— Notation for Normal Energy-Levels, Series, and Subseries 
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* Subscripts are in inverse order of intensity of emission or absorption and in 
direct order of frequency of vibration; 1 denotes the subseries of most intense 
emission, which is the one of lowest frequency. 

t This is known as the Bohr and Coster letter system. Subscripts denote 
the order in which the energy levels characteristic of the scries are filled in a 
sequence of atoms proceeding in order of increasing atomic numbers. 

I This is known as the Bohr and Coster number system. It specifies for each 
•ubseries all the quantum numbers known (in 1924) to be associated with it. 
The number outside the parenthesis is the total quantum number. In this 
section, the first of the two numbers in the parenthesis is regarded as the azimuth- 
al, and the second as the inner quantum number; this is the opposite of the inter- 


pretation assigned by Sommerfeld’s theory. 

fi This is equivalent to the preceding notation. 

H This is known as the alkali-metal-series term-system. The notation shows 
the optical term into which each X-ray term probably merges when followed 
through the series of elements to the alkali-metal in which it appears as un arc- 
series term. In elements a few units heavier than these alkali metals, the states 
of tty; valence electrons are quite different, and are in transition stages. ' The 
symbols are read thus: “One doublet 8 one,” "Two doublet S one,” “Two dou- 
blet P one,” etc. (»». »04, 122, 1st, i«t ( no). Here the principal quantum 
numbers differ from those of (* 3 *), agreeing with more recent usage. 

1 Lyman's series-limit for H. 


Quantum Notation. — In the Bohr and Coster number notation 
( l7 ) (see Table 1 ), Sommerfeld’s relativity doublet theory ( 149 ) 
’assigns azimuthal quantization (A:) to the second of the two num- 
bers in the parenthesis, but later data (*22, 123) indicate that it 
should be assigned to the first. For this reason k will be used in 
this section to denote the first of these numbers, andj, the second. 
Thus a level will be specified by the symbol n(k, j); this preserves 
the physical significance of the symbols k and j but interchanges 
their assignments to the numbers used in the Bohr-Coster system. 
Here n is called the total, k the azimuthal , and j the inner quantum 
number. As they refer to different quantities, n may be < k + j. 

Table 2.— Notation, Relative Apparent Intensities, and 

Width: Normal Lines 

In the X-ray section of I. C. T., the Siegbahn and the difference 
notations are used. In each series, the several groups of closely 
adjacent lines are indicated in Siegbahn’s notation by distinctive 
letters, usually Greek, and the order of the intensities of the 
several lines of a group is indicated by numerical subscripts, 
subscript , denoting the strongest line; a lf a*, a h . . . the 
order of decreasing intensity of the lines of the ot-group. The 
series to which a given line belongs is indicated by prefixing the 
series letter; e.g., Ka x is K-L u • La , is L tr Af>«. 


The normal intensities here given accord with the intensity- 
rules postulated by Ornstein, Burge*;, and Dorgelo for the optical 
spectra of the alkali-metals (L 3 » 94 ). Exceptions are found 
when the levels are not completely filled ("); cf. (91). 

At the end of the table are given the widths (AX) of certain, 
spectral fines, both in XU and in equivalent volts (AF) as defined 

by AF = 12 346— in which both AX and X are expressed in 
Angstroms. 


X-Series. I r is independent of voltage (17 5). 


B 

Sn 

| B and D 

A 

| D and P 

r sd 

V /• 

Dif. 

L 

Bragg 

Siegbahn 

de Broglie and 
Dauvillier 

• 

n 

c JL 

c3 

Sommerfeld 

Difference 



Relative inten- 
sity* 

ax 

ax 

a t 


a 

K-Lxi 

50 

a i 

a\ 

( ~ 

ai 

/ 


9 

a 

K-Lxx 

100 

0 

(* 

0i 

01 

0' 

K-Mxi \ 


w j 

l^i 

0i 

01 

0 

K-Mxx j 

35 

7 

01 

7i 

7 

7 

K-Nxi.xt 

15 


Pi 




N^Oxi.tx 

wt 
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Table 2.— (Continued) 

L-Seriea. Relative intensities in L„ subseries are independent 

of voltage. Within each subseries, relative intensities maintain 

constant ratios. Intensities in L„ and L„ subseries are estimated 

on the basis of a correction to extremely high voltages, the line a, 
serving as a standard. 


Sn 

Band D 

04 

ft 

0 » 

0 i 

71 

77 

7 l 

7 l 

7 « 

74 


7 all 

il 


0 x 

3 . 

7 » 

7 * 

7 i 

7 i 

7 » 

7 «» 7 >ot 

7 « 

7 l 


7 ;- 

l 

l 

as 

ora 

a. 

or, • 

04 

04 


3 , 

ft 

01 

0 i 

3 i 

0 i 

3 o 



ft 


3,0 



Sd 

Dif. 

1 Ir 

| 74WJ 

78PtJ 

90Th§ 

<p' 

Lii-Mti 

5.3 



<p 

Ln-Mii 

8.2 

( 8 . 2 ) 

3.3 

x' 

Lit-Nn 

1 . 48 

1 . 5 

X 

Lu-N ss 

2 01 




l^ir-Oii.ss 

0.59 




L\\-P si, 11 




V 

Lu-M n 

1.3 

1.5 

1.8 

0 

LtrM as 

51.8 

50.8 

62 

K 

Lu-N 11 

0.4i 



6 

Lu-N is 

9.1 

11.1 

14 

M 

Lir-On 





jbll-0|s 

0.3 


5.3 


Lu-P u 




« 

Lit-Mn 

3.2 

3.4 

3.6 

o' 

Lsr-Afis 

11.6 

11.4 

12 . 

a 

Ltt-M si 

100.0 

100.0 

100.0 

i 

Lir-N 11 

1.0 


1.4 

y\ 7 

Lu-N is.ii 

20 . 0 

22.7 

26 

X 

^it-Oii 



r',r 

Ltt-Oii, 11 

0.2 

3ft 



Ln-Pn 





0.7 





0.7 




U is photographic estimate (•*» I4t) ; n < 

available. Not corrected for voltage 
voltages. 



3 



Dif, 

Mi fN si 

Mn-N s« 
Mu-On 

M i i-P ss 

Mu-N is 

Mu-On 
M% r N H 
M n-N is 1 
M n-N is J 

Mri-On ) 
M trOu J 
Mtt-N it 
MtrOii 

Mit-N 4i 

Mu-On 

M„-N i9 

Mtt-N 44 
Mtt-N is 

M it-Pii 


0 

1 

0 

0 

1 

0 

1 


1 

0 

6 

1 

1 

8 

1 

0 


N-Series. No values of I, available. 


1 Sd Dif> 

I f * 


¥ 

3 

o' 

a 

N 11 -Oj j 

Ntt-On 

N t\~Oti 

# w 



1 

1 

I 


±15% 

±30% 

±15% 

±30% 


Tab lb 2.— (Continual) 

Width of certain spectral lines ( 7 «» 77) 

Unit of A and AX = 1 XU = 0.001 A - 10-" cm; of AT 

volt 


A\ 

0.3s 
0.5s 
O.ld 

0. 2i 

0.25 

0 . 1 9 

0.2s 

0.3o 

0.24 

0.7s 

0.7a 

0.7i 

0.69 

0.6t 

0.64 

0.53 


• With re fere no© to W unleee otherwise indicated 
•enea, «ee Table 6. 

t Very weak. 

by Cei«r- mrt i,od, and «*r M trd (or rolU«. and ab«>rpticn 

(1) ‘ by ‘"““tion-mathod, and corr«trd /or vdu*. and Option 

0 For U (41). 

T yt for W and «Ce; y,» for Ba. 

•• For Au (41). 

i. ll™,’ w “ to otbor work, aad probably 

Talu “' bu ‘ ,imiUr ch * n «~ -*«• z <*— 

tt Thi. i. th. current exprewed in milli.mper,; Wm A. at,. 


Cu/Tai 

Cu Kp 
Mo Ka 
Mo/C/ 3 
Mo /C/3 
Rh/Ca 
Rh/C/3 
Rh/C/3 
Ag/Cai 
WLai 

WL/3| 

WLft 

W^I 

WL>| 
WL 7 , 
w Ly x 


1537 

1389 

708 

631 

632 
612 

544 

545 
558 

1473 

1279 

1279 

1279 

1096 

1096 

1096 


1«» 
8 tt 
4 » 
12 tt 
8« 
4» 

For other value* for /£ 


Table 3.— Notations: Non-Diaobam Lines 

The I. C. T. uses Siegbahn’s and diffe rence notations 

r j!gg ^ }ln 1 Dauvillier | D ua ne [ Diffe rence 
/C-senes (tee (*•)); found only in elements Z - llNatoZ 

and Z » 42Mo 





9 9 

« j. ft have not yet been iden 


a j ? he *' Une * f ound (**•*) for Mo and called 
Bed in the accepted notation*. 

( 4 *> in , W L "^ trUrQ "*** inU5nait y ( 7I ) - 0.04/ Kau but Crof l 

element! I I ^ ** “ ***« * h “ been reported , 

t Not the Kfit of the normal seriea 

** “Sr*- <».* « eo.ai.tin,. ^ 

0ht l ,nod by oomparing <(«.») p . m. mj with <(«•? 
iwj. For other lines, see Table H. 

1 de Broglie's notation. 
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ORIGIN OF X-RAYS 

Line Spectra. — X-rays belonging to line spectra are produced 
by radiation, as quanta, of the energy released in the readjust-* 
ments of atoms from which electrons have been removed. The 
removal of such electrons may be accomplished either by direct 
action of cathode rays or by indirect action, through the photo- 
electric effect of tfce rays from the continuous spectrum produced 
by the cathode rays; rays due to these processes are called direct 
and indirect rays, respectively. The ratio, direct to indirect, is 
about 6 or 7 for Cu with 15 to 20 kv C 11 * 1 ); about 1.9 for Ag with 
35 to 80 kv ( 182 ). For any element, this ratio may vary some- 
what with the voltage, but not rapidly. 

Continuous Spectra. — X-rays of the continuous spectrum are 
probably produced by transitions of cathode rays from large to 
small hyperbolic orbits passing near atomic nuclei ( 10 °), or, 
better, between corresponding non-periodic wave systems. 

In accordance with Einstein’s relation, radiation of frequency * 
will not be emitted unless the energy (eV) of the impinging 
cathode particle is at least as great as hv. Hence, for each value 
of V , there is a definite high-frequency limit (v 0 ) to the emitted 
radiation. 

Such a high-frequency limit to the continuous spectrum is 
observed. Its value is independent of the angle the X-rays 
make wdth the cathode rays (tested for angles between 45 and 
155°) ( 82 » 1 70 » 18 °), and is not changed ( 14 ) when the current 
density at the focal spot is varied in the ratio of 1 to 5. The ratio 
V/v 0 has been studied for the elements 24Cr, 28Ni, 29Cu, 42Mo, 
45Rh, 46Pd, 47Ag, 73Ta, 74W and 78Pt, and has been found to 
have an absolute value which is constant within the limits of 
experimental error; i.e., within 1 % for 4.5 kv < V < 10© kv, and 
within 5% for 100 kv < V < 245 kv (*«, 43 , 54, 61, 87, 88, 107, 
124, 168, 170, 174, 175, i84)j general reviews (* 42 t 171 » 179 ). 

Hence h may be derived from V/v 0 , if e is known. 

PLANCK’S CONSTANT (h) 

The most accurate determination of h by X-ray methods is that 
derived by Duane, Palmer, and Yeh ( 62 ) from the observed 
high-frequency limit (v 0 ) of the continuous spectrum of W. 
Assuming that the grating space of calcite (d e ) = 3.028 A and that 
e and c have the values given in Vol. I, p. 17, they obtained h - 
(6.556 ± 0.009) X 10"* 7 erg sec. Using the more accurate 
value ( 140 > 142 ), d e = 3.02904 A, this becomes 

h - (6.558 ± 0.009) X 10 - * 7 erg sec 
which exceeds the I. C. T. value (Vol. I, p. 17) by 0.06%. 

Assuming h «= 6.558 X 10"* 7 erg sec and e - 4.774 X 10“ 10 es, 
exactly, Einstein’s equation leads to the relations: 

uoV = 2.4277 X 10" (volt sec)" 1 

= 2.4287 X 10" (Int. volt* sec)-* 

FX 0 = 1.2362 X 10‘ volt A 

- 1.2346 X 10 4 Int. volt* A 

LINE SPECTRA 

General Characteristics. — In the characteristic Hne spectrum of 
any element, most of the lines can be distributed among a small 
group of series and subseries in accordance with the conception of 
energy-levels. Every line in any series is regarded as arising 
from the return of an electron to some one of the levels composing 
a single group, and all lines belonging to the same subseries involve 
the same group with the same electronic readjustments during 
ionization. In any given subseries, no line appears unless (eV) is 
at least equal to hi»o, where * 0 is the highest frequency represented 
in the subseries; v 0 is a characteristic of the subseries, and is 
known as the subseries limit. The value of V 0 - hvo/e is called 
the excitation voltage of the subseries; it may be computed from 

• Defined by the relation: Weaton normal cell - 1.018300 Int. volt at 20°C. 


data in Table 10 or from the wave-length of the absorption limit 
(Table 11) of the subseries. The former method is probably tie- 
more accurate. Certain values of V 0 are given in ( l4z ). Accuracy 
of confirmatory data is about 1% ( 45 > 85 » 88 » l87 » 169 » 174 » 1 75 » 
178, 184, 1 96), The distribution of electrons in atoms and the 
transitions involved in the emission of characteristic X-rays are 
indicated in Figs. 1 and 2. 

The lines which do not obey the laws followed by the normal 
series are referred to anomalous energy-levels. All these lines are 
very faint and may arise from multiple ionization ( 35 » 46 i 189 j 
but opinions differ regarding their sources (see, e g. ( 6 )). Hence, 
data and notations pertaining to anomalous levels must be con- 
sidered as tentative only. All lines not definitely related to the 
normal levels and those not obeying the selection rules (p. 31) 
will be called non^diagram lines, and will be designated by the 
notation used by the investigator quoted. For excitation volt- 
ages of certain non-diagram lines, see Table 9, 13AI, 26Fe, and 
42 Mo. 


The various symbols which are used for specifying the energy- 
levels, series and subseries are given in Table 1. 

Proceeding in the order of the atomic numbers, the spectra of 
successive elements are found to be very similar, and to undergo a 
regular displacement from element to element (Figs. 3 and 4); for 
any given line, this displacement is such that y/ v is nearly linear in 
Z (Moseley’s law) (v. Table 4). Lines so related may be called 
corresponding lines. Semi-optical lines ( cf . Fig. 4) occupy 
anomalous positions. 

Backiin ( 7 > 8 ) and Ray ( 134 ) have shown that, when one of the 
lighter elements (13A1, 14Si, 15P, 16S) enters into certain chemical 
compounds, the wave-length of its Xa-lines is slightly changed; 
the following differences, expressed in x-units (1 XU = 0.001 A), 
were observed by Bjicklin ( 7 ): AI and Al : Oj, 6X = 1.72; Si and 
SiOj, 6X = 2.34; red P and either P.,0 5 or Na»PO«, SX = 2.72; and 
S and BaS0 4 , 5X = 3.05. Likewise their Kp lines change both in 
intensity and wave-length ( ,l5 » 117» no, >2®, 130) 



Table 4. — Variation of Frequency with Atomic Number 

If v. * 3.29057 X 10" sec -1 , and v is the frequency of a given 
lin e in the spectrum of the element of atomic number Z, then* 
y / *'/*'•» = a + 6Z(10) -1 + cZ*(10)“*. With the values of the 
coefficients given below, the computed value of y/Vfv* is seldom in 
error by as much as 0.2 unit, if Z > Zo. 

Difference 

Ltt-Mn 
LtrMu 
Lu-Mn 
Ln-Mu 
Lu-Mtt 
Lii-Aftt 

,j t || 

it 

Lu-N j| 

L lr N a 

Ln-On.n 

Ln-limit 

Lj, -limit 
Ln-limit 
K-L u 
X-Ln ' 

K~M a 

K-N„ 

K- limit 


LI 

Lai 

Lt? 

L0 A 
L0 1 

L&i 

L0t 

Ly « 
lyt 
Lyt 

Ly* 


Ka* 
Ka \ 
K(3 1 

Kpt 


2.99 
-2.09 
-1.13 
-0.45 
-0.44 
-fO.06 
-3.82 
-2.29 
-1.54 
-1.26 
-1.33 
-0.37 
-0.45 
-3.20 
+0.12 
-0.03 
-0.71 
-0.47 
-0.60 


369 

352 

280 

287 
274 
263 
412 
338 
333 
321 
324 

288 
274 
384 
788 
798 
868 
856 
862 


- 191 
+ 159 
+ 1051 
+ 1041 
+ 1264 
+ 1345 
+ 81 
+1116 
+1126 
+ 1244 
+ 1315 
+ 1638 
+ 1712 
+ 400 
+1406 
+ 1330 
+ 1246 
+ 1587 
+ 1539 


37 

29 

36 

36 

29 

36 

39 

39 

36 

36 

48 

46 

46 

46 

10 

10 

10 

22 

11 


a t»Pm^? Ule< l in .." dit< ^ ial office frora data ( ,4 *) submitted by Expert. Nc 
attempt to get a ‘beat fit.” — Ed. 



28 


international critical tables 


*S, 


f .1 



HOTNc 


'Mn/ iM»i j " RETT'S 

N^Mo [jigs. P WA 



•D 


3.3 


N«y ^ ”»™. Bslily .gj.ll J fJco'N, € 



k F *F 

1 3 1 4 


4.a 4.4 




■ •Tl 

•Alt CAVTMt 

*rn vn nnO 
• in ru 



V) rtr 7 err - 

gtB^T L >. B, Pofcld,. V j u 

Mii ^ Jb T(Aflu u 

i&r 


LQiMPiAoH^j 


Fig. L ^on°f electrons in atom* according to Stoner’i 

modification (i ••) of Bohr’s theory. 

TTar^ 1801 ^ 01 ? of ^^PeHmontal evidence, see (io, it, hi, m, , M) 
ber ^‘l^and TT ^£^7 Z ^iiner Vuan turn num- 

sr&a: & 

of th, chances of *2 formY'of r^i , "“TV » tatl8 ‘- a ' expression 
electron is removed ° "adjustment of the group when one 

atomic* 1 ntmC! £,5 T* "'T'™ “ thwe a " **'>*‘* i» its 

top and proceeding in order of “ f< ? ,loW8: Beginning at the 

element are distributed in */* omjc numbers, the electrons in an 

including tha^^d^rr nCe wi ? i a11 the dot * “P to and 

of Al. 2 are in each of the orbits K^L "and*? 1 ’ °! the 13 electron8 

1 in Mu. This rule is fairiv ^rtLin V’ n V’ 4 m L ”’ 2 in M "' and 
but the P orbits are not alwa™ fiHoH • eI ® me ^ .in the 5-column, 
tions are very probable in th* fiir > n the order indicated and cxcep- 

incomplete -^oup (such al a 1""° ^ p R ? d the F orbit » • »"d any 
quantum number Wome“ a u^t ^trons) of equal total 

than doublets. giving rise to senes more complex 

X-m/Khlch L7Z7llZ?Z th V-iilcontain no normal 

of the Af„„ . orbits "«) * V™'**""* occupancy 

A. compared with the usuM noSn " N “ and M *‘ 

oub .position in the spectrum (see r ” e8 ’ bnea ^cupy an anoma- 
Hnes. spectrum (see Fig. 4); they are called semioptical 

ultLfZ ontTo^to^- 0D d °J ^ *" *•"*«>" to complete 

. The rare eart ,^ "Lv Y^L ** in ‘° 

3 ?.? ^ 



FXo. 2. Transitions involved m emission of lines of the K-, £-, 

3/ -series. . 

di,l\t^m 0, thlT 0 a n bo°le b the^^ V* ” “ ^ ° dot: iU 

the orbit + above the A -dot represents the average radius of 

horiiontal rowin ' the C,eCtn i“* in the orbit * corresponding to any 
row below th f * t 1,01,11(1 more firmly than those in the 

near the right ^ Ieft end ° f * row * more firml 3 r than tho ®° 

general Ivneof Z heftd °‘ a column '^icstes the 

the type shown in 9 \ e pro(luce(1 by ionization from an orbit of 

cate t y hTtmn^io^s ^ T abl0 D- The sloping lines indi- 

and their thicknesses Wlt , h tbe "election principles (p. 31), 

spectral lines- if dotted and*-^ 6 re, . atJV ® i ^ t45iuitiea of the resulting 
line has not hoon 1 i” d ,ncoin P* c te, the corresponding spectral 
too ' Preaumabl ^ ^ - very weak or lies 

ran ^ ou ^ ets# eacb spectrum a series of pairs of lines 
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wh °Q^ ft n„ e I°Uowing frequency differences are observed 

where r, » 3^29057 X 10 16 sec” 1 : 


"Tr-tS* 

99.00 
N n 


K(a r<xa) 
98.5, 
K 


c pair can be traced from element to element by means of 
Moseley s law as applied to the individual lines. It is thus found 
hat, except for certain significant irregularities* (v. Figs. 5, 6), AX 
or any one pair is nearly the same for every element (cf. Fig. 7). 

ch pairs of lines are called regular, or relativity, doublets and are 
regarded as arising from the transfer of electrons between one 
common energy-level, n(k, j), and one or other of two adjacent 

eve , n ( , j), n (k', f -f 1 ), belonging to another group and 
enng y one unit in j'. If the element is a constituent of a 
chemical compound, the value of AX depends upon the nature of 

Tab ^5) P ° Un d ’ Variationa of near| y 10 % may be so caused (v. 

1 J, ^hlet-dhUno. U ^normal, the li„« of tb« doublet .rr more or 

oonipw*. Cs.. tbe system ia really B multiplet. • 
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Fig 3. — The strongest normal lines of the X-ray spectrum of every 
third element from Z — 11 to Z = 92. ( After Siegbahn ( l4 *).) 

Shows the relative positions of the several series and their changes 
from element to element. 



Fio 4. — Position of certain lines of the K-aeries with difference to 

Ka i,». 

Numbers on the scale indicate AX as measured from Kcti.t. Note 
the anomalous position of the semioptical lines Ki 3» t K(Ji, and Kfi, in 
llNa, 12Mg, 13A1, and 14Si, which normally contain no electron in 
the Mu-orbit (c/. Fig. 1). 


Table 5. — Regular Doublet Separation) Effect' of 

Chemical Combination ( l33 ) 


AX * difference in the wave-lengths of the two components of 
the doublet K-Lu, K-L 7J of element named in column (1). Unit 
of AX = 0.001 A = 10“ il cm. 


1 

Compound | 

AX | 

m 

Compound 

AX 

Cl 

KC1 

3 15 

Fe 

Fe (powder) 

4.20 


BaClj 

3.15 


Fe(NH,)i(SO,)i 

4.13 


KCIO, 

2.99 


FeNH,(S0 4 ), 

4 01 


Ba(ClOi), 

2 98 


K 4 Fe(CN) fl 

4.06 


KCIO, 

2 92 


K,Fe(CN)« 

3.99 

K 

KC1 

3 40 

V 

V(powder) 

3.68 


KCIO, 

3 22 


NH 4 VO, 

3.60 


KCIO, 

3.16 





Irregular Doublets. — Another type of doublet, found in series 
limits, is characterized by the fact t hat A \/ v for a given doublet is 
nearly the same for every element (see Fig. 8, L n , M M , Mz . ; 
A/ 21 , M 12 ; N ii, ATii; Nay A 7 32 ; A 7 33, Af,,; On, 0- j; 0 % *, O 32 ; also cf. tu* 
and Ln-limit, Table 4). These are called irregular , or screening, 
doublets and involve a pair of levels differing by one unit in k. 
Consequently, their appearance in lines is forbidden by the selec- 
tion rule for k } and, when found, the forbidden line of the doublet 
is very faint. 

Doublets of both types are found in the ultra-violet and the 
visible spectra of stripped atoms ( 122 » 123 ). 

Screening Numbers . — The frequency limit (v 0 ) of the series 
n(k, j) is related to Z and the quantum numbers as indicated (* 4 *) 
byeq. (1): 


Vo 


> - «• + f!<z - ■>■(" - J) 


a 


n 




where a 2 (= 2Te 2 /hc< 0 ) 2 = 5.31 X 10" 5 , « 0 = dielectric constant 
of a vacuum, and S and s are empirical screening numbers w’ich are 
derived (12°) from data for doublets, and are to be interpreted as 
measures of the amount by which the external system of electrons 
reduces the intensity of the electrical field acting upon the return- 
ing electron. Excepting the K-level, for which there is only one 
value of j, the value of s for any level can be obtained from the 
observed value of Av for the corresponding regular doublets, 
by inserting in eq. (1) the two values of j and subtracting, it being 
known that A^o = A*. "Knowing s, S is computed from v 0 by 
means of eq. (1). It depends upon Z, is independent of j ) but 
varies with k, and is, thus, associated with irregular doublets. 
It is found that the difference (A S) corresponding to the levels 
n(t, t) and n(i + 1, i) is A£ = 0.57n2 i_1 ; probably A S is independ- 
ent of Z; observed irregularities are only a few per cent and are 
believed to arise from errors. 



For values of S, see Fig. 9 or ( 190 ). For K-level, s = S; for 
(Lu.it), s = 3.492 ± 0.07 if 4lCb ^ Z <. 92U (*«»); for [n(i, 
i — 1), n(i, i)J, 8 = 4.23(n — 2)i if n > 2, and is nearly inde- 
pendent of Z except for n = 4, i = 4, for which s decreases with Z 
(149). For certain irregularities, see Figs. 5, 6. 
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Fio. 8. — Bohr and Coster’s Moeeley diagram of the limits of the series. 

( After Siegbahn (»«*).) 

The notation has been changed to that of Sommerfeid (see Table 1). 
r® “ 3.29067 X 10 u sec -1 ? Nishina (***) gives a more detailed 
diagram of the M-, N- f and O-limiU of element* 50 to 74. 


Selection Principles, — It is observed that transitions correspond- 
ing to the stronger lines always occur in the direction n{k, j) to 
A where n' » n - z, V k + y; j' ~ j + Zf and each of 

the quantities x, y, z has one of the “allowed " values indicated 
below. 


x 

y 

i 


Allowed 


Values • 

Examples 

+ 1, 2. 3 . . . 

Mu ”*i|l, On “ ►Lji 

-1, +1 

Mu — * Lily Mn —* L%i 

-1, +1, 0 

Mu —* Lu t Nit Mu 



Forbidden 


x 

V 

z 


Values 

Examples 

£ 0 

La —* Lu t La *■» Mu 

0, ± > 1 

Mt t — ♦ La, On —* N 41, 

± > 1 

A n — * Mu, Mu — ♦ Li i 


M 


si 


With the exception of requiring that i^O. these selection prin- 
C1 P ea are identical with those. of a normal doublet* system in an 
P lc aeries. They refer to probabilities, and consider nothing 



Fio. 9. — Values of screening number S for various energy-levels and 

atomic numbers (*«•); cf. p. 29. 


but the structure of the isolated atom. Whenever the atom con- 
tains no electron of a particular group (as e.g., normal Cu contains 
no On-electron) the levels due to ionization from that gyoup do 
not give rise to any line in its spectrum ; if such electrons are present 
only in optically excited atoms, the lines aijp semi-optical and are 
abnormal in position, cf. Fig. 4. 

The only possible violation of the total quantum selection princi- 
ple ( x * 0) which would give a line in the X-ray region is L u -£n. 
This line has been sough* (35, $3) but not found, although in the 
optical region this transition corresponds to the strongest (red) 
line in the Li spectrum. Violations of the other selection princi- 
ples (regarding x and y ) are quite common {zee Tables 3, 11), but 
it is reported (*) that no forbidden line of the L-series is so much as 
0.001 as intense as LtrM »*. All lines violating any of the selec- 
tion principles are extremely weak and, in this section, are classed 
as non-diagram lines. 

Intensities of Lines {see oho Tables 2, 6).- Variation vyilh Energy. 
Level.— Y ot a given tube potential, the relative intensities of the 
lines are determined by the energy-levels involved and the prob- 
abilities (P) of the several transitions. In the preceding table, the 
allowed values of z, y, and z are arranged, in each case, in the order 
of decreasing values of P; the three sets may be regarded as 
mutually independent. Also, for given values of x } y } 2 , and n, 
the intensity increases with the values of j and of k. 

For transitions of the type n{k , j)-n'{k\j') where k « fc + 1, 
j * k or k “ If j ~ k ot k -f- 1, and /tand nrc * positive 
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integers, the relative values of P are as follows ( l<)3 » ,49 * l5 °), 
where i denotes the numerical value of k : 


— 1 

Transition 

P(40 - 1) 

Example | 

\ • 

t 

/MO - 1) 

o 

n(i, i)-n'(» 4- 1, » 4* 1) 

20 4-i-l 

Lit-Afis 

2 

9 

b 

n(«, i - l)-n'(t 4- 1. ») 

20 - i - 1 

Lti-M a 

2 

5 

c 

n(«, i)-n'(i 4-1.0 

1 

L\ t-A/jj 

2 

1 

d 

n(t,» - l)-n'(» 4- l.t + 1) 

0 

Lt\-Mtt 

2 

0 


If the lines form a close doublet, their intensities ( J ) are essen- 
tially proportional to P. 

For the special case of i = 1 (orbits of the % S\ type), only transi- 
tions a and c are possible and P 0 53 2 P e ; e.g. t P(X-L 2J ) = 2 P(K- 
Lt i). If t - 2, P a + P c = 2(Pt -f Pd) and 2 (P. + Pa) = 3(P 6 + 

P e ). For confirmatory data, see (l 49 ). 

Values of P for other types of transition have not yet been 
definitely determined, but a first approximation to a total quantum 
rule has been given ( 86 ). 

Relative Intensities within a Given Subseries. — The ratio of the 
apparent intensities (1+) of any two lines in the same subseries is 
independent of the tube potential ( ,69 » l74 » 175 » 184 » ,96 ). 
Examples of its variation with Z are given in Table 6 

Tabee 6. — Relative Apparent Intensities (Ix/I\) of Normal 

Lines of K-Series; Variation with Z 

(0i 4- 0i 4- 0i + 0<)/(oti 4- <**) 


z 

Obs.* 

Tube* 

Targ.* 

Lit. 

24Cr 


0.136 

0.0810 

(169) 

29Cu 


0 153 

0.136 

(169) 


0.165t 



(147) 

30Zn 

0.193t 



(147) 

42Mo 

0.251 

0.180 

0.175 

(196) 


0.20f 



(50) 

45Rh 

0.176 

0.210 

0.168 



0.158 



(175) 

46Pd 

0.189 

0.160 

0.139 

(196) 

47 Ag 

0.167 

0.215 

0.207 

(169) 


0.20f 



(50) 

74W 

0.33 



(68) 

///a, 

Z 

02 

ft. » 

0i 

Lit. 

26Fe 





29Cu 

0.50 

0.26J 

< <0.05| 

(1 42 » » 47 ) 

30Zn 

* 



, 42Mo 

0.50§ 

0.30fi 

0.055 

(50, 67, 





196) 

74W 

0.50 

0 35 

0.15 

(7L) 


• Obs. - observed, values depend upon instrumental equipment; Tube - 
values within tube, after correction for various losses by absorption, reflection, 
etc.; Tar«. - values within tarnct, i.e., as emitted by atom. The Targ. value* 
are far from accurate; recent work (*•») indicates that the corrections for target 
absorption have usually been too great. 

t By photographic photometry. 

X Values may be seriously in error, but fit,,/ fit is probably correct within 2 or 
3%. 

| Data (••» * 7 ) for an and fit.i/fit have been combined with data (*••) for 

(fit + fit + fit + fit)/(ai 4- at). (See column Obs.) Values for fit , i and fit 
uncertain by 0.05ai. 

Variation with Tube Voltage .— The formulae that have been 
proposed for the variation of the line intensity with the tube volt- 
age are listed in Table 7; formulae (1) and (2) are empirical; the 
others are theoretical, (5) having the best theoretical basis. In 
all five, I is defined for each line as the power radiated per unit 
solid angle and per electron in the cathode ray current. It is the 
product of three factors: The quantum h*; the probability that an 


electron will cause the emission of such a quantum (this is very 
small, as very few of the electrons give rise to X-rays); and the 
fraction of the quanta that is not absorbed within the target. } C\ 
and Cj are independent of V , but are functions of X, of direction 
from the target surface, etc. C % and C 4 are constants for any one 
line. X* *=s u esc t x /b esc u, where u is the absorption coefficient of 
the target for the X-rays considered, and b is its stopping power for 
the cathode rays (t£ * v\ — br, v = velocity), « x and are the ■* 
angles the X-rays and the cathode rays make with the surface 
of the target. N = number of such electrons per unit volume as 
are of the type required for the excitation of the line considered 
(e.g. } for a X-line, N = twice the number of atoms per unit 
volume); T = E/eV o, where E - kinetic energy of the electron 
in its orbit; U m V/V 0 ; u = probability that a removal of an 
electron of the proper type will actually result in an emission of a 
quantum of the line considered; V = tube voltage; Vq*= excita- 
tion potential; Vi an empirically determined potential that exceeds 
Vo', v = frequency; e and h have their usual significance. 


Table 7. — Formulae for Variation of Line Intensity with 

Tube Voltage 

For symbols and discussion of formulae, sec adjacent text 


Formula 


nr 


(1) 

( 2 ) 

(3) 

(4) 

(5) 


/ - Ci( V - Vo)* Vo < V < 2 Vo 

I - c»(V» - Vf) 1.5 Vo < V < 3V. 

2 T . /U(T + 2) \ 
7* + l l ° g \ V -f- T + 1/ 


Cu 

A/e*uh 


-X’K’f 1 


V -*y 


M: — 

• r [(C/ - 1 ) (2 71 4- 3) - 


- |3 4- (r 4* l)( 2 r 4- 3)) log ( 


V 4- T 4-1 
T 4- 2 


)] 


(*»•*. *•«) 

(•7. I*», 

»••) 

( f ») 


(»*> 

('•«•!) 


In formula (1), n is about 1.5 for rays subject to great absorption- 
in target (emerging at small angles); for other rays, n = 1.7 to 
2 . 1 . 

Formula (2) refers to rays subject to small absorption in target; 
V\ is about 1.2F 0 to 1.5V 0 , but is often misquoted as Vo- 
lt appears that in formula (3) the correction for absorption in 
target is several times too great unless V — Vo is small ( ,85 ). If 
X * 0, this formula reduces ( 92 ) to / = C%{V — Vo)*, which is a 
special case of (1), but is often misquoted as Cj(K* — V]), and con- 
fused with (2). At times, X is treated as an arbitrary constant, 
its definition being ignored (( 97 ); cf. Fig. 11). For shape of graph 
defined by this equation, see Fig. 10. 

In formula (4) also, the correction for absorption in the target 
is too great; X is frequently treated as an empirical constant. 
For graphs defined by (4), see ( 92 ); they are much like those of , 
Figs. 10 and 11. 

Formula (5) is proposed for circular orbits only (X, Lu, Lu t 
Mn, Mu, Nn , Nu), and contains no correction for absorption in 
target. With an arbitrary unit of intensity, it fits the data ( ,96 ) 
for X-series of Mo42 the best of all ( l60 **)» and data (* 82 ) for 
Ag47 indicate (though with large probable error) that it is good also 
for absolute intensity, but only for the directly produced rays (see 
p. 27), i.e., for about 65% of the rays of the X-series of Ag. 

Ratio of Line Intensity to Intensity of Continuous Spectrum . — If 
1 1 = intensity of the line ( = power radiated per unit solid angle 
in the direction considered) and if / f dX « power radiated per unit 
solid angle in the same direction by a strip of continuous spectrum 
of length dX, then the ratio of the two intensities may be specified 

by AX as defined by the equation /j » f + * /edX, where X is 

# — H a * 

the wave-length of the line. In Figs. 12 and 13 the ordinates are 
proportional to AX. For illustrative values of AX, sec Table S. 
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Table 8. — Ratio of Line Intensity to Intensity of 

Continuous Spectrum 

X x+Maa 

^ LdX; X * wave-length of line l; tabular values 

are AX, X; probable error for Ag is 10%; for Cd, 5%; unit of V 
= 1000 volt = 1 kv. 


Line 


_ | Rays 

Ag Ka doublet Direct 

Ag Ka doublet Indirect 

KgKa dor'.iet Total 

CdXa Total 

CdK p y Total 


35 


65 80 


0.10 0.24 0.31 0.41 
0.0550.13 0.160.21 
0.15 0.37 0.470 62 
0.1250.32 0.450.58 
0.0340.0750.100.13 
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ZOO 400 600 /a 00 A 600 2000 

io. 10. Intensities (/) of Ka lines: Variation with potential (F) 

(»••). 

T ;^° h K-l ine8 ro ? r !f ent ® er 8 en Davis’ equation (see p. 32). Unit of 
I is arbitrary; of V = 1000 volt; cf. Fig. 11 . 

Table 9.— Primary Standards of Wave-length* 

All values are based upon Siegbahn’s value ( 28 , no, 142 ) 0 f 
(d e ) the grating space for calcite in the first order, f d e = 3 02904 A 

or' Zv e T U> ; l0g ‘° 24 = °, 7823347 >’ or ite equivalent value 
for rock salt, d, - 2.81400 A (log,. U, = 0.7503541); when 

necessary, the data have been recomputed; these are marked with 
?" r - . J 1 * 18 vtdue of d ‘ exceeds the I. C. T. value (Vol. I, p. 181 

bL n rn °°° °" ly those data marked with a c have 

orrected for refraction by the crystal (cf. (««)) For 

Ung « system of secondary standards based- on Ka, for Cu as 


v — — 1 1 

^ V o \ 

Fig. 11. Intensities (/) of Ka \ line of Cr: Variation with potential 

(P) (•*) 

8 olid line represent* Bergen Davis' equation (see p. 32) with K 

regarded as a constant to be determined from the observations; cf. 
Fig. 10. 
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Fio. 12. Ratio \l r ) of* intensities of Ka lines to the same width of continuous 
spectrum in the same region: Variation with potential (V) (»••). 

— I 1 I I I I a a • ■ 


iOt *00 Q 00 

Table 9. — ( Continued ) 

X » 1537.30mA, see ( l05 ); his values for X’s of most prominent 
lines 4 760s, 77Ir, 78Pt, 79Au, 82Pb, and 83Bi average 0.48mA 
greater than Coster’s (U 2 ). 

Line = Siegbahn’s notation, see Table 2; d = observed glancing 
angle for maximum intensity; X •> wave-length; P. E. = probable 
error in X; unit of X * 1mA =» 0.001 A = lQ-ii cm 



26 Fe 
29Cu 


Kat- 
Kai . 
Ka, 
Kan 


74W 


35Br 


KBi.... 
Lot . . . . 
La i. . . . 
LB i . . , . 
LBt . . . . 
Ly i. . . . 
K-limit 
/C-limit 


42Mo 


/C-limit. . . 

D. MiSl 

Kat 


• • • 


47A« 


74W Kat 


Kat 
Ka i 

Ka i .... 
KBt. . . . 
kb,.... 
KBi 

Kfii.. 

KBt ... 
KBt ... 

/C -limit 
/C-Iijnit 

/f-limit . 

n. H ir 


18° 38' 13.2' 
18 36 62.3 
14 42 0.3 

16 31 31.6 

14 53 39.0 
14 11 0.0 

14 4 32. « 

12 11 23.5 
11 49 50.« 
10 25 33.5 


8 

* 


43 

7 


0 

48 


o») 


6 42 35.3 


5 58 42.5 


4 35 24 


Crystal | 

X 

P. E. 

Lit. 

Calcitc 

1935.987 


(1SS) 

Calcite 

1932.066 


(l°S) 

Calcitc 

1537.29 

•tt 

<«••) 

Pyrite r 

1537.75« 

0.15 

<» aa ) 

Mean 

1657.62 



Pyrite r 

1389.63c 

0.16 

(Ilf) 

Calcite 

1484.38 


(•1) 

Calcite 

1473.36 


(SI) 

Calcitc 

1279.17 


(•») 

Calcite 

1242.03 


(••) 

Calcite 

1096.30 


(•>) 

NaCl 

918.6 


(131) 

Calcite r 

918.2 

i 

(SO) 

Mean 

918. 4 



Calcite 

918.00 

% 

(»••) 

NaCl 

705.0 

<0.1 

(Ml) 

Calcite 

712.105 


(i°S) 

Calcito 

712.175 


! (*) 

Calcite 

707.831 


(l°S) 

Calcite 

707 . 865 


<*) 

CAicite 

631.543 


(I0S) 

Calcite 

631.657 


(*) 

Calcitc 

630.978 


(iss) 

Calcite 

631.094 


(*) 

Calcitc 

619.698 


(10S) 

Calcite 

619.823 


^ ¥ 

(*) 

NaCl 

484.2 


(1J1) 

Calcite r 

485.2 

X 

(SO) 

Mean 

484.7 



Calcitc 

484.80 


(lot) 

NaCl 

431.6 

# 

<0.1 

(!»!) 

i Caleite 

213.52 

«» 

(»«1) 

1 Calcite r 

213. 48* 

y) 

o 

• 

c 

(’») 


/ZOO 


/600 

Table 9. — ( Continued ) 


74 w 


Ka 


KBi. Bt 


58 

68 


27.6 

32.0 


1 44 38 


KBt 


/C-limit 


1 41 40 


1 Crystal | X 

P. E. 

Lit. 

Calcite 

213.69 

0.08 

( aa ) 

(?) 

213.41 

0.1 

(135) 

Mean 

BIS. 68 



Calcite 

208.71 

st I 

.(>••) 

Calcite 

208.85 

ee 

(Ml) 

Calcite r 

208.671 

0.04 

( 7I > 

Calcito 

208.84 

0.08 

(*») 

(?) 

208.50 

0.1 

(13.) 

Mean 

808.71 



Calcite 

184.36 

•• 

(Ml) 

Calcite r 

184.261 

0.03 1 

( Tl ) 

Calcite 

184.56 

0.08 

(»*) 

(?) 

184.16 

0.1 

(I3S) 

Mean 

184.54 



Calcite 

179.40 

es 

(» 41 ) 

Calcite r 

179.071 

0.00 

( T1 ) 

Calcite 

179.07 

0.25 

(") 

(?) 

179.00 

0.1 

(135) 

Mean 

179.13 



Calcite r 

178.121 

0.07 

( 7 ‘) 

NaCl 

178.02 

tt 

< 42 ) 

Mean 

178.07 




• W hen it is not convenient to replace the X-ray tube by oho of the element* 
here listed, the absorption limit* of and of Ag are the most convenient stand- 
ard*. They always appear in photographically recorded spectra, and when 
ionisation methods are used one of them may bo introduced by using CH»Br 
in the ionisation chamber or by inserting Ag foil (0.005 to 0.01 cm thick ( 4, )> 
into the path of the rays. 

t Grating space of calcitc in second order is 3.02935 A (logic - 0.4813494), 
jn third order it is 3.02940 A (logi. - 0.4813566). 

X Mean value, individual values differ from mean by ^ 0.05mA. Later 
measurements, not yet published, give systematically somewhat higher values. 
Hence, for^the present, the FcKai line is to be preferred ns standard for the 
longer wave-lengths; the value here given for it* wave-length was measured 
with the same instrument and crystal as the newest, most accurate measure- 
ments of ( 7# * •*» as, i os. *■*). “st” indicates that the data were used by 

Leidc as standard*. A newer, but unpublished, measurement of the Cu 
Aai line with calcite crystal givee X - 1537.39. 

^timated to 0.1 % of 9. 8 Double reflection line. 5 From spectra 

or hi^ order. *• Mean values; individual values of 9 differ from mean byra.3." 

tt Based upon Siegbahn’s values for K emission lines. 
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Table 10. — Limiting Frequencies (^o) of X-Ray Series ( ,7 » 27 > 40 » 41 * ,27 » 157 » ,62 » 163 ) 

In general, both emission and absorption data have been used in the calculation of the following values; they are more accurate 
than if they depended upon absorption alone. 

If h/e = 1.3728s X 10" 17 erg sec es" 1 (I. C. T. value, Vol. I, p. 17) and = 3.29057 X 10“ sec* 1 (not I. C. T. value), then the 
excitation potential is Vo = 13.546 vq /v. absolute volt = 13.5404 international volt (v)* (logio 13.546i =» 1.1318141; logi* 
13.5404 = 1.1316317). Tabular values are v 0 /v., where = 3.29057 X 10“ see -1 . 


K 


92U 

90Th 

83Bi 
82 Pb 
81T1 
80Hg 

79Au 

78Pt 

74W 

73Ta 

72Hf 

71La 

70Yb 

69Tm 
68 Er 
67 Ho 
66 Da 
65Tb 
64Gd 
63 Eu 
628m 
60 Nd 

59 Pr 

68Cof 

57Uf 

56Baf 

55Caf 

53 It 

62Tet 

518bt 

50Snt 

49lnf 

48Cdf 

47Agf 

46Pdt 

45Rhf 

44Rut 

42Mof 

4 iCbf 

40Zrt 

39Ytf 

38Srt 

37Rbf 

35Brt 

348ef 

33Ast 

30Znt 

29Cuf 

28Nit 

27Cot 

26Fef 

25Mnt 

24Crt 

23 Vf 

22Tif 

218c 

20Ca 

19K 

17C1 

168 

I5P 

1 3 A 1 

12Mg 


8477.0 

8073 . 5 

0646 . 7 

6463.0 

6289 . 0 
6115.9 

5940.4 
5764 0 

5113.8 


4115.9 
3972 5 

3711.9 
3583 . 4 

3457.0 

3214.2 

3093.3 

2972.2 

2750.4 

2649.1 

2448.3 
2345 . 0 
2241.7 


2057.2 
1967.6 
1878.9 

1794.0 

1709.1 

1473.1 

1401.3 
1325.8 


992.57 

932.02 

874.01 
711.73 

001.60 

614.12 

568.24 
524. OC 
481.8: 

441.25 

402.7 

365.8 

331.2 
297.5 

205 . 3 

207.8 

181.8 

158.3 
114.7 

95 8 


Ln 

Lu 

Ln | 

Afu 

Mn 

Mu 

| Mu 

| Mu 

y m 

| Nn 

| Nu 

| Nn 

| Nn 

1603.5 

1543.1 

1264.3 

408.9 

382.1 

317.2 

274.0 

261.0 

106.6 

1 95.7 

77.1 

i 56.3 

53.6 

1509.7 

1451.5 

1200.6 

381.6 

354.4 

298.0 

256.6 

244.9 

97.8 

1 


51.2 

48.7 

1207.9 

1159.4 

990.0 

295.9 

273.0 

234.0 

199.4 

191.4 

71.0 

58.7 

50.3 

l 35.7 

33.7 

1109.3 

1121.9 

960.5 

. 283.8 

262.3 

226.0 

190.5 

183.0 

66.0 

55.4 

49.3 

1 32.2 

30.5 

1132.4 

1084 . 2 

933.2 

273.9 

253.8 

219.2 

184.8 

176.8 

63.7 

53.6 

44.0 

> 30.6 

29.0 

1094.6 

1048.6 

.. 906.1 






/ 





1060.2 

1014.4 

878.5 

252.9 

235.1 

202.8 

109.3 

103.0 

58.0 

49.1 

V- 8 

i 26.4 

25.0 

1026 . 8 

978.7 

852.0 

243.4 

227.3 

198.0 

162.3 

150.4 

52.5 

48.7 

42.3 

24.5 

23.2 

893.0 

850.0 

752.1 

208.1 

191.3 

169.8 

138.3 

133.7 

44.1 

38.0 

33.0 

18.8 

18.4 

862.2 

820.8 

728.0 

199.5 

183.2 

162.9 

132.2 

127.8 

41.2 

35.3 

30.0 

17.8 

16.6 

832.0 

791.3 

704.5 

191.8 

175.9 

156.9 

126.6 

122 6 

40.0 

34.0 

29.8 

16.8 

10.0 

802.6 

762.9 

681.2 

183.8 

168.6 

150.9 

120.9 

117.2 

36.9 

32.5 

28.7 

16.1 

14.7 

774.6 

735.4 

659.2 

177.1 

162.2 

145.8 

116.4 

112.8 

36.2 

31.0 

27.5 

14.9 

14.2 

746 8 

708.8 

637.3 

170.3 

155.5 1 

140.2 

111.7 

108.4 

34.4 

30.0 

26.6 

14.5 

13.2 

719.6 

682.6 

, 615.9 

163.6 

148.8 

134.7 

107.2 

104.0 

33. 1 

28.4 

24.9 

13.7 

12.6 

093.2 

657.1 

594.7 

157.1 

142 7 

129.3 

102.7 

99.8 

31.8 

26.0 

23.8 

12.8 

12.0 

667.7 

632.2 

574.2 

151.2 

136 9 

124.5 

98.6 

95.8 

31.0 

26.1 

23.2 

12.2 

11.0 

642.6 

008.3 

553.9 

145.0 1 

131 0 

119.6 

94.2 

91.6 

29.4 

24.3 

22.0 

11.4 

11.1 

018.2 

584.6 

533.9 

139.0 

125.5 

115.0 

90.0 

87.7 

28.6 

23 0 

21.0 

11.0 

10.8 

594.3 

501.5 

614.4 

133.1 

120.2 

110.3 

86.0 

83.8 

27.2 

22.6 

20.4 

10.7 

10.4 

571.2 

538.9 

495 . 0 

*27.2 

114.7 

105.8 

81.9 

79.9 

25.9 

20.9 

19.5 

10.07 

9.40 

520.2 

495.6 

457.8 

116.5 

104.8 

96.8 

74.2 

72.5 

23.7 

19.2 

17.8 

9.28 

9.08 

504.3 

474.6 

439.6 

111.6 

99 3 

92 4 

70.3 

08.9 

22.7 

18.3 

16.9 

9.01 

8.83 

483.3 

454.1 

421.9 

106.2 

94.6 

88.1 ’ 

66.7 

05.4 

21.7 

17 4 

16.2 

8.51 

8.30 

402.9 

434 2 

404.4 

100.7 

90.0 

84.0 

62.9 

01.7. 

20.6 

16.5 

15.4 

8.08 

7.83 

441.9 

414.3 

380.7 

95.4 

84.6 

79.0 

58.8 

57.6 

18.8 

14.9 

14.0 

7.09 

6.70 

421.8 

394.9 

369.3 

89.8 

79.3 

74.4 

54.6 

53.6 

17.1 

13.6 

12.6 

6.04 

5.73 

382.6 

357.0 

330 . 0 

79.2 

69.1 

04.8 

46.8 

45.9 

14. 0, 

9. 

4 

4.16 

3.91 

364.1 

340.3 

320 . 1 

74.5 

64.4 

60.5 

43.3 

42.4 

12.7 

8. 

9 

3 42 

3.39 

346.1 

323.6 

304.7 

09.8 

60.0 

56.4 

39.8 

39.1 

11.5 

8. 

0 

2.61 

2.61 

329.4 

306.3 

289.6 

65.3 

50.2 

53.1 

36.5 

35.9 

10.2 

7. 

4 

2.0 

312.0 

289.3 

274.0 

00.1 

51.8 

48.8 

32.4 

31.9 

8.2 

5.5| 

5.2 

0 

7 

296.8 

274.3 

200.7 

56.9 

48.7 

40.2 

30.4 

29.9 

8.1 

5. 

6 

0 . 

4 

280.9 

259.9 

246.8 

52.8 

44 8 

42.6 

27.4 

27.0 

6.9 

4. 

7 

0 . 

2 

267.1 

245.7 

234. 1 

49.7 

42.9 

40.7 

25.4 

25.0 

6.7 

5.3| 

5.0 

0 . 

3 

251.7 

231.8 

221.3 

46.3 

38.8 

37.0 

23.0 

22.6 

6.0 

4. 

2 

0 . 

1 


218.8 

209.1 

43 0 



21.0 

20 7 

5.0 



0 

4 

212.4 

193.4 

185.8 

37.3 

31.6 

30.3 

17.1 

16.9 

4.7 

3. 

8 

0 . 

3 

199.3 

181.7 

174.8 

34.8 

28.4 

27.3 

15 4 

15.3 

4 4 

3. 

2 



187.6 

169.8 

163.9 

31.8 

20.3 

25.4 

13. 

4 

3.8 

3. 

1 



174.5 

158.8 

153.3 

29.2 

22.8 

22.0 

11. 

7 

3.6 

1 

6 



163.6 

147.9 

143.2 

26.7 

21.0 

20.2 

10. 

2 

3.2 

1 . 

9 



152.3 

137.6 

133.2 

24.1 

18.2 

17.6 

8. 

4 

2.4 

1 . 

3 




117.09 

114.29 

18.99 

13. 

50 

5. 

19 


0 

2 




108.37 

105.40 

16.68 

11. 

57 

3. 

80 


0 . 

2 




100.02 

97.42' 

14.92 

10. 

36 

3. 

02 


0 . 

2 



87.2 

77.10 

75.39 

10.10 

6. 

80 

0 . 

84 






80.3 

70.32 

08.84 

8.83 

5. 

68 

0 

76 






73.8 

64.70 

63.37 

8.28 

5. 

40 

0 

67 






67.7 

59 04 

57.80 

7.72 

4. 

73 

0 . 

60 






61.9 

53.44 

52.40 

7.07 

4. 

17 

0 . 

60 






50.3 

48.18 

47.34 

6.2 

3. 

70 

0 . 

34 






51.0 

43.12 

42.40 

5.9 

3. 

61 

0 . 

10 






45.9 

38.5 

38.0 


3.i 

0 








41.0 

34.0 

33.6 


2.' 

6 









30 3 

30.0 


2. 

7 









25 9 

•25.6 


2.i 

0 









21.4 

21.2 


0.! 

9 









14.8 

14.7 


0 .- 

4 









11 

.8 


0 .: 

3 









9 

.9 


0.1 

8 









5 

2 


0 










3 

1.5 












Nu | A ^44 I On O11-O21 I Oi?-Ou 


# Based on Weston normal cell - 1.018300 international volt at 20°C. 


28.4 

24.8 

13.6 

10.8 
10.0 


27.0 

24.1 

\ 

13.0 

10.3 

9.6 


28.2 


6.4 

5.2 

2.9| 2.8 


2.2 

1.6 

10 

0.9 

0.9 

0.9 

0.8 

0.8 


1.9 

1.4 

0.7 

0.6 

0.4 

0.3 

0.2 


t These values are from recent data (*®» *»7, *•*). 


10.3 

10.6 


7.8 

7.1 

5.7 

4.7 

4.8 

4.2 


3.9 

3.1 

3.5 

4.0 

3.6 

3.1 
3.1 

3.1 

3.2 

3.0 

3.1 

1.9 


0.8 

0.2 


15.4 


11.0 
6 4 
7.4 


8.3 
. 8.6 

5.2 

4.4 

4.3 
4.0 

3.6 

3.8 

3.9 

2.7 

3.2 
2.6 

3.3 

2.9 
2.53 
2.67 

2.55 
2.41 
2.34 

1.56 

1.08 
0.38 
0.26 

H). 25 
0.6 


5.8 

5.7 

2.0 

0.8 

1.7 


0.8 
0 4 
(0) 
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Table 11. -Characteristic X-Rat Emission Spectra and Absorption Limits: Elementary Substances 


Substances which are mutually isotopic seem to have idpntical 
spectra (2», US); se* also 82Pb in this table. 

In each group of elements, the lines are arranged, as well as 
may be, in the order of decreasing wave-length (X); the wave- 
lengths of those lines which are out of place, with reference to this 
order, are in italics. An indicates that the line probably 
occurs, but coincides with another line. Except as otherwise 
indicated, the line notation is Siegbahn’s and the difference nota- 
tion is Sommerf eld’s (Table 2). 

The Wave-lengths of at least some of the lines of the lighter 
elements are influenced by the valence of the element and are 
modified by the nature of the element with which it is combined 

and by the material of the anticathode upon w|iich it is spread. 

• 

Tabular values are X, unit 


Final data are not available; for preliminary work, see (113, IK, 

U1) - For effect of chemical combination upon absorption limits 
see Table 12. 

For relations connecting related lines, see p. 27; for methods 
for determining the subseries to which a line belongs, see (»L 1«, 
149, 183, 184). The excitation potential (To = h, 0 /e » hc/eX.) 
may be computed from the subseries absorption limit (X,): K.A, - 
3 r M ™ h A (absolute) = 12 339 Int. volt A, if h, c, and e have 
the I. C. T. accepted values (Vol. I, p. 17) (log,, 12 339 - 4.09128). 

(Literature references are given at the beginning of each section 
of the table, and at the end of the table are notes regarding the 
precision of the data, recomputations, etc., see p, 43.) 

1mA ■» 0.001 A = 10-" cm. 


a r» A , . — yj.wi cm 


<*i.i 
<*1.5 
<* 1.2 
on. a 
on . 2 


K-L* 

K-Lu.n 

K-Lu.u 

K-Lu.n 


6C 

45soo 
439 «o 
458oo 
449oo 


80 

237so 

24800 


9F 

18300 


Lines 


238oo 


orj-otj 

<*'§ 

ot»§ 

<*4§ 

or»§ 

<*«§ 

0i§ 

0.** 

01X** 


K-L» 

K-L n 

AX«. 


UNa | 12Mg* | 13Al*f 


14Si 


15Pf 


11883.6 9867.75 8319.40 7109.17 6141.71 


1-1 


/C-limit 


11836.3 

11803 9 

11785.9 

11717.7 

11687.1 

11702 

11592 

11550 


9825 3 
9800. o 
9784 . a 

9729.4 

9704 . 4 
9647 
9538 

9499 

9511 2 




2.44 

8285.a 

8265.8 
8250. i 

8208.8 
8188.6 
8042 
7965 

79U 

7947 . 0 


2.01 
7083 
7063.8 
7053.7 
7014 
7003 
6793 . 3 
0754 . 5 

6739 s 
6731.0 


2.72 

x 

6102.2 

6095.0 


5820.41 
5792.1 
5788. a 
5779. e 
5707 . 4 


168 

f 5363.75 
[ 5360.90 
2.88 
5340.6 
5329 . 37 
5323 . 25 
5202. 0(?) 

50471 

5021.t 

5017.0 

5013.8 


Lit. | 

( 161 , 163 ) 
( 51 ) 

(IK) 

( 69 ) 

( lg °) 

| 17C1 

4721 . 36 
4718.21 
2.97 
4702.5H 
4688(1 
4684(1 


Grating 

Crystal 

Crystal 

Ruled 

Ruled 

Ruled 

I 18A 


4406.0H 
4394.2ft 
4393.3 
^890. e ff 
4393.8ft 


^-': u | o/dl.u [5767,4 | 6008.8ft | 4393. 8ff | 3865.7 

J Meaauml by Hjalmar except m otherwise indicated. 

II Measured by Dole,*ek. For 17C1 he also list* X - 4712 

« yr * X - 4406.0 for 15P, X - 6044.7 for 168. 
or • 08, euH 1 7 Cl, \ 0 i and X 0 § a re avenge value* far various chemical 

compound)! that give both line,, M |a is the averago value for those compound* 
that give only one line. For 11 N*. 12Mg, 18A1. and 1481, X*. i* for the pure 
clement, \ 0 , U for oxide or other compound, 
tt For CaClt, m 4394.7, - 4388.4. 




" - F " P - - •» ‘ - - - - 


B. Sources. Absorption limits: 218c (72, 60 ) 2 7Co and VRNi (*o\ X ft * for 2 s * ,(T) ' x m °° 127 ' for x - 4*00.8. 

and 25Mn; «„ a,, and 0, of 24Cr and 25Mn- aU except B " '“of 2flF* 27 P Torn' F m,asion: ^ries 0 , of 19K, 20Ca, 218c, 24Cr- 
serins 19K and 20Ca (?), others (168) • P 0 ’ f 26Fe ’ 27Co ' and 28N| ( 5# ); all 0" and ff" (*•); others (»«*). L, 


Lines 


«i.t 

Pi 


19K 


0 '* 

01 

0" 

0t 

ff” 


Ljt-Af,,,, — 

Lti-3fa, . * 

3737.06 

" 3733.68 

3.21 

3730 
3711.0 
3708. 8 f 


20Ca 


21 Sc 


22Ti 


K-M 


3446. 80f 

SS:? 

**■*> fm.l 


3354.95 
3351.69 
3.28 
3349 
3332.3 ) 
3330.0/ 

3091.1 
3083.43 
3079.7 

3069.1 
SOU- 8 
3064.3 


3028.40 

3025.03 

3023 

3006 

2799.2 

2773.94 

2767.5 

2758.0 

87U- 5 

2751.7 


2746 81 
2743.17 


23V 

242oo 

2502.13 

2498.35 


24 Cr 

|2153o 

2119o 

2288.907 

2285.033 


26Mn 

1939o 

1904o 

2101.489 

2097.506 


2726.9 2484.6 2273.3 2087.9 


2515.1} 

2508.98 

2500.7 

2493.7 
8483.6 
2491.2 


2285 3§ 
2279.72 

2272.6 

2264.6 

8867.7 
2263.0 


2085.7 
2080.586 

2066.71 

8001.7 
2066.3 


1906.195 

1893.27 

1888.8 

1892.1 


X-RAYS: WAVE-LENGTHS AND ABSORPTION LIMITS 
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Table llfl. — ( Continued ) 



Lines 

26Fef 

27 Co 

28Ni 


Lines 

26Fe«f[ 

27 Co 

28Ni 

l 

LtrMn. 


1820o 

1655o 

«*. 4* 


1923 3 

1777 4 

1647.6 

It 

1 1 


1777 0 

1617o 



1756 46 

1620 11 

1499 10 

V 

a i.t 

LtrMtt at 

1758o 

1594o 

14528 

r'S 

0i i 


1753 013 

A v/m V • A A 

1617 436 

i A<7J . IV/ 

1497 045 

0i 

Lu-Mji 

1722o 

1562o 

14235 

01 

** SI ,li» •••••••••••• 

K-Ntx n 

1740 80 

1605.62 

1485 61 

0M 

Lxx-Mtx.n 

1561o 


1314o 

8'" 

A * * I ,22 

7757./ 


iC-Lsi 

1936.012 

1789.187 

”1658 353 


tf-limit 

1740.5 

1602.3 

1489 5 

®1 

K-L.i 

1932.076 

1785.287 

1654.503 



1 T-CJ *7 . O 


• Non-diagram lines. Measured by Dolejsek, unless otherwise indicated, 
t Hjalmar also lists for 19K, \a t - 371C.7, Xa$,* - 3708.83. 

X Lundquist (»*®) finds for 19K, Kfii - 3*40.99, Kp" - 3443.09 


5 Non-diagram lines. Measured by Hjalmar. 

0 For 25Mn, - 1010.50 (”). 

5 The /Car- lines of Fe are unresolved multiplets. 


C. Source*.— Absorption limit: 36Kr (**); others (•»). Emission: /C-series of 3iGa (>« 7 ); Ka.,, K% and Ka,, t of 29Cu, and Ka, tl 
of 30Zn ( 14 *); others of /C- series (*•*» *••); L-series (l$ s ). 


Lines 


29Cu 


30 Zn 


3lGa 


32Ge 


l 

v 

*i.i 

a' 

a" 

0i 

P 
0" 
01. i 
at 

/ °i 

a «.«t 

0f.i 

0t 


Ltx-Mxi. . 

LtrAfit. • 
Ln-3f it.ii 




L\rMt\,n 

K-Lt\. . . . 
K-L n - . . . 


K-ATim, 
A-limit 


1519o 

1483o 

13308 

1324o 

13172 

13029 

1299o 

1296o 

1210o 

1541.26 

1537.39 

1530.7 

1389.27 

1 87 8.0 

1379 . 0 


1395o 
1361o 
12224 
12191 
12150 
11958 
11934 
11893 
1116o 
1435.87 
1432.06 
1428.8 
1292.60 
1280.97 
1296 7 


1289o 

1256o 

11270 

11238 

11196 

11006 

10986 

10951 

1340.87 

1337.14 

1205.20 

1190.6 


11920 

11585 

10414 

10378 

10341 

10152 

10131 

10102 

1255.21 

1251.30 

1126.74 

1114.62 

1115.0 


33.4s 

34Se 

| 35Br 

11047 

10271 

9563 

10710 

9939 

9234 

9650 

8971 

8357 

9616 

8939 

8326 

9581 

8903 

8297 

9394 

8717 

8108 

9372 

8698 

8086 

9346 

8911 

8671 

8065 

1177.40 

1106.43 

1041.60 

1173.43 

1102.42 

1037.56 

1055 18 

990 . 25 

930 . 84 

1042.93 

997.90 

918.26 

1043.8 

979.3 

918.2 


36 Kr 


864 8 


• Also 11224. f Non-diagram lines. Measured by Dolejsek. 

n». l i'<ifr r rT' — A ^°?' ti0 " Umi . t: 5-« e " ea ( #e ), Z-series ( 7 »). Emission: K^eries 42Mo («»«), 45Rh ( 7 »),46Pd (except^) (»«), others 

(***’ l8, );&aenea p„y lt and 7,,, ( 7 »), others (•«). 


Lines 


l 

Ot| 

i»lt 

0 . 

0i 

0i 

0i 

0, 

0tt (0n) 

0,'t (01,) 
y * 

7i 

Tit (7,) 

7t.it 

at 

01 

0i 


Lir-Mu 
Ln-Af 11 

LtrAfi* 


Lit-AT 11 . . 
L\x-Mt\ . . 
Lxx-Mtt. . 

LriViui 

Lir-Limit. 


L,rW„.. 

L*i -V it. 

Lu-limit 


Lu-A^ 11. u 


Lu-limit 

/C-L11 . . 
K-Mtx . 
K-Mu. . 


37 Rb 

8029.0 

7302.7 

7272.7 

7060.4 

6967 . 5 

6802.8 
6769 . 9 


39 Yt 


6738.6 


6028.2 


927 . 72 
923.60 

827.02 


6847.8 
6818.3 
6609.2 
6503.0 
6385.5 

6349.9 


6278.8 


5629.4 


877 . 54 
873.37 

781.51 


6434.9 
6406.5 
6198.4 

6001.9 
5967.8 


40Zr 

6898 

6593.1 

6055.9 

6027.2 

5822 . 2 
5693.5 
5652.7 

5618.2 
5573.4 


5481.0 

5373.0 


831.18 

827.00 

739.32 


4941 . 2 
4895 

788.50 

784.29 

700.48 


4lCb 

42 Mo* 

44 Ru 

45Rh 

6509 



5207.0 

6195 

5835 


4911.2 

5717 

5400 

4843 . 67 

4595 . 56 

5711.3 

5394.3 

4835 . 67 

4587.78 

5688.6 

5372 . 1 

4818 

4572 

5479.6 

5165.8 

4611.00 

4364 . 00 

5346.1 

• 

4476.4 

4230 . 1 

5331.4 

5035.8 

4512.6 

4277 . 8 

5295.9 

5000.2 

4476.4 

4241.3 

5225 . 3 

4909.2 

4361.9 

4122.1 

* 


4360 . 4 

4121.2 

5169 | 

4862.6 

4323 . 4 

4087 . 8 

4847.7 

4309.0 

4076 . 6 


4819.0 

4276 . 6 

4035.2 

5024.1 

4711.1 

4172.82 

3935 . 7 



4169.3 

3934.0 

4967 1 

.4662 

4128 

3894 

4639 

4361.3 

3887.9 

3677 . 0 

4597 

4323 


3647 

748 . 82 



3618.6 

712.105* 

646.15 

616.371 

744.57 

707.831* 

641.81 

612.023 

664.49 

I 631.543 

\ 571 43 

/ 545.093 


\ 630.978* 

r vl A . Ty 

1 544.491 
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Table 11D. — ( Conlinued ) 


Lines | 

37 Rb | 

38Sr | 

39 Yt 

*40Zr 

! 4lCb 

| 42 Mo* 

44 Ru 

| 45Rh 

0 a 

K-N u „ 

814.84 

769.17 

726 . 63 

688.35 

652 . 55 

619.698 

618.25 

618.2 


533 . 957 

04 

K-Ou ii 

OOU . 49 

X-limit 

814.6 

769.9 

725.7 

687.4 

650.5 

553.6 

533.2 



Lines | 

46Pd | 

| 

Lines 

46 Pd 


Lines 1 

46Pd 

l 

Lir-M ii 

4939 . 6 

01 

LirNn'u 

3900 7 


/ • , ..limit. 


V 

Lsi-Afn 

4650.2 


Ljr-limit 

3900 5 

/> a 

L/ | 1*11 1 LI 1 v ........ . ••••; 

cqq A39 

oi 

LtrMn 

4366 . 60 

0i\ (0..) 


3868.8 

u 2 

** 

K-Ltt 

OOO . OOZ 

584.266 

<*\ 

Ljs-A/jj 

4358.50 

02 t (01*) 


3857.4 

0. 

K-Mn 

520 . 093 



4344 

76 

Li\-Nu 

3811.6 

0i 

tf-A/,, 

519 474 

0. 

Lu-Mn 

4137.30 

7i 

Lu-N ti 

3716 36 

A, 


vl O • a# a 

cno iAi 

04 

Ln-A/ji 

4062 . 3 


Lji-limit 

3715 2 

Ml 

04 

” ti.ti 

K-O. 

ow . 101 

cr>7 ont 

0* 

Lii-A/n 

4025.7 

7it (77) 


3678 

tyji.sj 

X-limit 

Ql/I . afU | 

507.70 

04 

LtrN n 

4007.0 

7a. a 

L\\-N si.st 

3480 . 9 


• 



For 42Mo, no^y-diagram line La, has 6 components, usually unresolved; 
none of them are present if V - 3 kv f but the three nearest to La, are present if 
K - 4 kv; the others appear only at higher voltages (»«>). The normal lines 
La, and La, are excited at V - 2.9 kv. 
t Non-diagram lines listed by Sicgbahn. 


X For Mo, Davis and Purks (•*•*) find satellites on the long-wave sides of, 
a,. a„ and 0, the separations being 0.096, 0.085, and 0.17mA, respectively; 
they call them at, a(, and 0 ?. 

$ Of doubtful origin; value from ( ,0 *). 


E. Sources (except as otherwise indicated).— Absorption limit: tf-limit, 54Xe (23), others ■(«<>); L-limit, 54Xe (««<>), others (*▼, 
Emission: K- senes, 47 Ag (96), 531 (33). other8 f ». 96 , i 05 , i 08); ^ erie3 g ' and (79) oth „„ (l43n 


»*)• 


Lines 

l 

La*- A/ 11 

t) 

Ln-Afn 

at 

Lar-Af aa 


Lar A/11 

atj* 


0 . 

LarA/ at 

04 

Ln-A/ai 

01 

Ln-A/i* 

06 

Lar AT n 

01 

LtrN 1a.11 

07 

Lfj-On 


Larlimit 

( 01 l) 


0 ','* ( 0 .*) 


0 . 0 * 


0 ** 


76 

LirAT,, 

7 1 

L„-AT„ 


La, -limit 

7 i' # (77) 


7 i 1 

Ln-ATai.aa 

J t 
7 t.i 


74 

Lu-Ofi.ja 


Ln-limit 

ati 

K-L„ 

4*1 



01 

K-A/t, 

0 . 

K-Afat 

01 

Mtui 


/C^limit 


47 A g 

4697 . 6 

4410.1 
4153.82 

4145.64 
4131.70 

3926 . 64 

3861.1 
3824.45 

3799 . 4 
3693 83 

3690 . 8 

3663.5 

3653 . 6 
3630 
3620 

3607.3 
3514.85 

3506.7 
3480 

3299.7 
3270 

3247 . 4 
562 . 669 
553.277 
496 647 
496 009 
486 030 
485.2 


• Non-diagram lines listed by Siegbahn (« 4 i) 

47) ***** 5isb *' x * 3 ° n ’ 7 - *<*.•-*«>* - m* , -ail . 

1 2840 (corresponding, respectively, to Siegbahn's 0 ., 0 „. 0 ,). and >ItX 


48Cd 

49ln 

50Sn 

5lSb 

52Te 

4471.3 

4259 . 3 

4063.3 

3880.3 

3710.1 

4187.5 

3976 1 

3781.8 

3599 . 6 


3956 . 36 

3772. 42 

3601.08 

3440.75- 

3261 . 03 

3947 82 

3763.67 

3592.18 

3431.77 

3281 . 92 

3933 

3749.91 




3730 . 08 

3547 . 83 

3377 . 92 

3218.36 

3009 . 97 

3674 25 

3499 . 0 

3336.3 

3184.3 

3040.0 

3636 42 

3461.9 

3298.9 

3145.14 

3001.3 

3607.3 

3428 . 0 

3262 . 2 

3107.8 

2964.4 

3506 . 4 

3331.2 

3167.9 

3016. 6f 

2876 1 


3317 

3149 



3496 3 

3315.5 

3149.3 

2990.7 

2845 . 7 

3478 . 7 

3304 . 0 

3142.6 

2998 . 4 


3470 . 7 

3295 . 9 

3134 7 

2985. 8f 



3265.8 

3114.4 

2972 . 5 



3259.8 

3108.1 

2965 . 8 


3418.1 

3241.8 

3077.4 

2925.6 

2783.1 

3328.0 

3155.29 

2994 . 93 

2845. 07 f 

2706.47 

3319.0 

3139.5 

2972.3 

2821.9 

2679.3 

3296 

3125 

2968.5 



3131.6 

2973 . 6 

2827 . 3 

2688.9 

2564.9 


2919.1 

2771.3 

2633.6 

2505.7 

3077.3 

2919.4 

2769 . 6 

2631.7 

2503 . 9 

538 . 29 

515.46 

493 . 96 

473 . 86 

454 91 

533.86 

511.0? 

489.48 

‘469.31 

450.37 

474 . 97 

454 . 42 

435.06 



474.29 

453 . 72 

434 . 40 

| 416 23 

399 26 

464.38 

444.09 

424 . 85 

407.10 

- 390.37 

463.4 

443.6 

424 3 

406.6 

389.7 


531 


54Xe 


3150.87 

3141.66 

2930 . 93 

2906 

2867 

2746 . 08 

2713.9 


2587. 5 t 


2577.48 

2547.5 


2425.31 


2383.9 
436.94 
432 . 43 
383 . 92 
383.15 
374.61 
37 3 8 


2272. 4J 


533 8 


X These L-limits show strong absorption lines like the electropositive element* 
and unlike J~ and Br‘; they lie on the extrapolated curve for Ag t>» I. but not 
on that from Cs to Nd (**•), 
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Table 11. — {Continued) 

F. Sources (except as otherwise noted). — Absorption limit: iC-limits, 55Ce 
57La and 58Ce ( 41 ), others ( 127 ). Emission: X- series ( 32 » S3 ); cf. ( l09 ); L-ae 
others ( ,42 ). 



Lines 

55Cs 

56Ba 

57La 

58Ce 

59Pr 

60Nd 

| 62Sa 

63Eu 

l „ 

Ltx-Mii 


3128.7 

3000 


2778.1 • 

2670 . 3 

2477 . 0 

2390.3 

If 

Ln-Mii . . . .. 

2983 . 3 

2857.1 

2734 

2614.7 

2507 

2404.2 

2214.5 


at 

Lit-Mu 

2895 . 60 

2779.02 

2668 . 93 

2565.11 

2467 63 

2375 63 

2205 . 68 

2127.33 

<*i 

LtrM ii 

2886 . 10 

2769 64 

2659.68 

2556.00 

2457 . 70 

2365.31 

2195.01 

2116.33 

<*t* 

• 


2755. 4 f 





2184.6 


Pxi* 

Ln-Mii 


2631.5 







Pi 

Lu-Mii 

2677 . 84 

2562 . 24 

2453 . 30 

2351.00 

2253 . 90 

2162.21 

1993.57 

1916.31 

Pi 

Ln-Mti; 

2660 . 5 

2549 . 8 

2443.8 

2344.2 

2250.1 

2162.2 

1996 . 4 

1922.1 

Pit* 

Lu-Mu 






2154.8 

1987.61 

1908.lt 

Pi 

Ln-Afii • • 

2622 . 93 

2511.0 

2405.3 

2305 . 9 

2212.4 

2122.2 

1958.0 

1882.7 

Pi 

LtrN 

2587.5 

2477 . 2 

2373.9 

2276.9 

2185.9 

2099 . 3 

1942.2 

1870.5 

P i«§ 





2212.1H 

2122.0 

2038.8|| 

1885.1|| 

1781.4H 

Pt 

LtrNa.u 

2506.4 

2399. 3 f 

2298.0 

2204.1 

2114.8 

2031 . 4 

1878.1 

1808.2 

Pw.xih 


2483 

2381.7 







Pi* 

Lu-Mit 

2381 .3 H 






1866.211 

1794-0^ 

Pioi 


> 


2285 

2191.6 

2102.5 

2019.3 

1865.7 

1796 

Pi 5 


2473 

2371 . 2 

2277 

2184-0 

2095 . 8 

2011.7 

1858.1 

1788 

Pi* 

Lu-Mn 


2375.5 


2184.4 


2013.8 

185^.9 

1786.0 

Pi 

Ln-On 

2480 

2375 . 6 

2270 

2176 3 

2087 . 4 

2004.3 

1852.3 

1784 

Pi 

Lit-Oii.ii 


2359.5 


2164.0 



1843.7 

1773.4 


Lir limit 

2467.4 

2356.8 

2253.7 

2159.7 

2072 . 8 

1990.7 

1840.8 

1771.7 

Pli* 

# 


2351 . 1 


2153.1 



1834.0 

1764.7 

71 

A 

Lti-AT a * 

2411.1 

2302 . 3 

2200.8 

2105.6 

2016.1 

1931.3 

1775.1 

1705 

7i* 





2051 . 1 


1879.3 

1728.7 

1668.9 

7*5 


i 



2051 

1962.2 

1880.4 

1728.5 

1659.3 

7i 

Lti-N 

2342 52 

2236. 60 f 

2137.20 

2044 . 33 

1956.81 

1873.83 

1723.09 

1654.3 

7io* 



2218.6 


2028.8 


1860.0 

1711.3 

1642.2 

71 

Lii-0u 


2218 


2019 

1932.2 



1629 

77§ 



2218 


2029 

1942.2 

1859 


I 644 

76* 

L,rAr 4 , 


2211.2 


2019.6 


1851.4 

1701.9 

1633.4 

7* 

Ln-Oii 


2201.6 


2009.1 


1842.6 

1692.6 

1624.1 

s 

Lu-limit 

2307 . 5 

2199.3 

2098.9 

2006.7 

1920.1 

1839.1 

1699.1 

1622.8 

7t 



2143.8 





1664.4 

1598.6 

7io5 

i 


2236.9 

2140.2 

2048 . 1 

1962.3 

1881.1 




7i* 



2134.2 


1956.1 



1656.0 

1691.9 

7* 

LirNu 

2232.2 

2134.0 

2041.6 

1955 9 

1875.0 

1797.4 

1655.9 

1593.9 

7i 

L\x-N ti 

2227 . 0 

2129.5 

2036.5 

1960.9 

1869.9 

1792.5 

1651.7 

1587.7 

7** 

Lii-Wn 


2098 . 9 


1922.5 



1626.1 

1561.9 

74 

iirvii.n 

2169 1 

2071.5f 

1978.7 

1895.2 

1815.3 

1740.8 

1603.3 

1541.0 


L H-limit 

2160.5 

2062.0 

1968.9 

1885.6 

1807.1 

1731.7 

1595.4 

1533.3 

, a ; 

K-Lt i. 

403.98 

388.91 

374.60 

360.97 

348 . 05 

335.96 

313.20 

302 . 69 

<*i 

K-Ltt 

399.48 

384.31 

369.96 

356.37 

343.40 

331.31 

308.54 

297 . 99 

Pi 

K-M 

354 36 

340.89 

328.09 

315.72 

304.39 

293.51 

273.25 

263.86 

Pi 

/£-Af 

353 . 62 

340.22 

327.26 

315.01 

303.60 

292.75 

272 . 50 

263 . 07 

Pi 

K-Nti.ti 

345.16 

332 . 22 

319.66 

307.70 

296 . 25 

285 . 73 

265.75 

256 . 45 


K -limit 

344.5 

330.8 

318.6 

306.5 

295.1 

284.6 

264.4 

254.8 


- nun-uiuKram uu«b ubkxi uy i^auvimer v f ^ u a ainerence notation 10 
fciven, it ii to be regarded a a tentative. In this table, Dauvillier’i fa and 
are entered aa ft', and fa, respectively. Hii 0$, fa are, respectively, the ume aa 
Siegbahn’a fa, fa, />,#. 

t For 5ABa, Dauvillier 4T ) lists the following non-diagram lines: a«X - 
2732.7, ^X - 2395.4, y[k - 2232.4, y[k - 2067.5. 


X Siegbahn (*«*) givee for 0 iiXfl, - 1987.1, X Eu » 1909.2. 

5 Non-diagram lines lieted by Siegbahn (*«*). 

II Dauvillier (*• **) gives for 0 l4X(> . 2 212.4, X N <J - 2039.5, Xs™ 
Xeu - 1813.9. 

U Also called 0y by the same author. 


1886.0, 



40 


INTERNATIONAL CRITICAL TABLES 


Table 11. — (Continued) 

G. Sources (except as otherwise noted).— Absorption limit: tf-limits (*«), L-Iimits, 65Tb (L,,) and 67Ho (mi tuiTh tr t \ a 

Jris: 67B ° — <■■■ »» * ^ nXZiUiSZE SS 
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Table 11. — ( Continued ) * 

H. Sources (except as otherwise indicated). — Absorption limit: X-limits, 72Hf and 73Ta (* 4 ), 74W (see Table 7), others (® 9 ) ; L-limits, 
72Hf («), 73Ta and 74W (** 7 ), others (•». ««); M-limits, 74W (!•*) and 760s f 77Ir, and 78Pt (»*•). Emission: A-series, 72Hf (**);</. 
( 109 ), others ( 88 ); L-series in ( ) ( 81 ), 72Hf ( 37 ), 73Ta stronger ( 188 ), others (36), corrected, 760s (ij, Pi, p 3 , Pi, Pi, fa, Pi, 7i, 7»)> 77Ir 

(*, fa, 74 , 7»), and 79Au (0, f L*rP U| L,rPn) ( 47 )j others (»«); Af-series, 72Hf (* 7 ), 74W (i«), others ( 8 3). 


«i 

«"t 

0 

0"t 


i 

a 

•t 

<*i 


ait 

V 

Pnt 

Pi 

Pi 

Pi 

Pt 


Pi 


n 


Lines 


72 Hf 


MirNts- 

MtrNn. 

M lr N 44 . 


■WjrOii.ti 

MirN a* • 


Afirlimit 
Afir limit 
Mx\-N .|. 
Mtr-N is 

MirN ij. 


7521 


7286 


MjrOu 

Mtr limit. . 

Mu-N it 

Mn-Nu 

Afu-limit 

Mu-0ii.ti 

M ii-limit 

LirMix I 1777.4 


LxrM 


1577.04 


L xr Mu 1566.07 


UrMn | 1519.7 

LirWn 

Lu-Affi 1389.3 

LirN n 1371.1 

LtrW»t 1371.1 

LwMn 1349.7 

Lit-5^u,ii 1323.5 


Pit 
Pv (Pi) 
P 7 
Pit 

Pi 


Pit 

Pin* 

Pit 

Pi 9 :, 

7i 

7i 

7iot 


LtrOii.... I 1303.5 

Ltr-N 41.44 

L ir - limit | 1293.0 

Lit-On .11 


L«rP 

Ln-M,x 


LirM 


u 


1212.1 

L*rN n 1176.5 


73Ta 


74W 


7238 


7001 


6301 


1724.2 

1671.7 
1608.6 

1529.8 

1518.85 

1514.3 

1465.5 

1383.3 

1343.1 

1327 4 
1324.23 

1304.1 
1281.90 

1275.0 

1274.7 

1260.9 

1251 . 7 

1251.5 


1261 . 8 
1251.5 

1243.0 

1243.8 

1170.9 
1135.58 

1129.0 


1417.7 
(1418.1) 

1334.4 
1298.74 

(1298.79) 

1287.1 

(1287.0) 

1279.17 

(1279.17) 

1260.00 

(1259.92) 

1241.91 

(1242.03) 

1236.0 
1235. 4** 

1220.8 

1211.6 

1212.5 
(1202.5) 

12*0.5 
1209.. 4 
1203.4 

1202.1 
1129.2 
1095.53 
(1096.30) 
1088.7 


760s 

77Ir* 

78Pt* 

79 Au* 


8012 


X 

6882 

6663 


6264 

6481 

6250 

6041 

5831 

6459 

6223 

6026 

5812 

6256 

6030 

5820 

5619 

6233 

6011 

5797 


6194 

5961 

5736 


5975 

5754 

5541 


5802 




5672 

5484 

5303 

5131 

5652 




5027 

4851 

4674 


4949 

4768 

X 

X 

4779 

4548 

4407 

4230 

4412 

4270 

3738 


4037 ' 






1497.23 

1456.54 


1490.0 

1449.0 

1410.0 


1429.5 


1348.1 

1398.2 

1359.39 

1321.21 

1284.89 


(1359.8) 

(1321.55) 

(1285.02) 

1388.16 

1348.34 

1310.08 

1273.55 


(1348.47) 

(1310.33) 

(1273.77) 

lEffM 

1343.3 

1304.9 

1268.9 

EH 

1283.6 

1240.1 

1199.5 


1204.4 

1163.4 


1215.0 

1176.4 

1139.8 

1104.4 

1204.8 

1171.7 

1139.8 

1110.6 

1194.59 

1154.95 

1117.22 

1080.93 


(1155.40) 

(1117.58) 

(1081.28) 

1177.2 

1137.9 

1099.50 

1065.2 

1168.385 

1132.87 

1099.50§ 

1067.76 $ 


(1132.97) 

(1099.74) 

(1068.01) 

1161.6 

1127.3 

1094.1 

1061.0H 


1126.7 

1092 . 8 

1060.9 

1147.9ft 

1111 . 6 ft 

1078.5 

1046.5 


1108.2 

1076.2 

1045.3 



1070.9 

1038.7 

1140 

1103.0 

1070 . 1 

1038.2 




1036.0 


1097.7 

1059.3 

1025.4 



1057.0 

1025.7 

1123.8 

1087.4 

1052.4 

1018.2 



1051.9 

1018.8 

1054.1 

1019.7 

985.5 

954.2 

1022.47 

988.41 

955 . 45 

924 . 37 


(988.76) 

(955 . 99) 

(924.61) 


982.2 

950.3 
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Table 11 H. — ( Continued ) 



Lines 


72Hf 


73Ta 


78 

Lji-Om 


! 

7e{ 

Lji-A u 


1117.6 

76 

Lji-Oji 


ESZ1 


L 2i -limit 

1151.5 


*>2 

LirAT ji 

1141.3 

Eel 


Lrl 0 n 



7j 

Li r A jj 

1135.6 

1097.1 

7 4 

/>.»-A r „ 



*>« 

L | |-^l | , 2J 

1100.1 

1063.3 


Ln-limit ! 

1097 

1057 

Oi 

K-Li i 



226.53 

219.73 

Qf| 

K’Ln j 

221.73 

214.88 

01 



195.83 


0. 

A-A/„ 

195.15 

189.91 

01 

K-Af Hit 

190.42 

184.52 


' /C-limit 

190.1 

183.6 


♦ Fri man’s measurements (•■> of the stronger lines are given in ( ) and are 
more accurate than the older values; he did not measure the fainter line*. 

t Sate lb tea of diagram lines; not resolved in any photograph (•*). Ma and 
A/0 are unresolved multiplets, for details of structure, tee (»••). 

X Non-diagram lines listed by Dauvillier (•. 47) . if ft difference notation is 
given, it is to be regarded as tentative. In this table, Dauvillier’s 0 7 and 0I1 
entered as 0, and 0,. respectively. His ft, 0,. 0, are, respectively, same as 8i 


bahn’s 0*. 0». 0, o . 


8ieg- 


74W 

1079 

1078.5 
1072.0 
1071.3 
1065.84 

(1065.88) 

1059.65 

(1059.87) 

1043.9 

1026.47 

(1025.8) 

1020.5 
213.45 
208.62 

184.22 

178.98 

178.07 


760b 


1005.3 

999.1 

995.7 


988.8 

975.0 

957.2 


201.31 

196.45 

173.61 

168.75 


77Ir* 

78Pt* 

79 Au* 

971.4 

• 937.9 

907.5 

963.6 

OS 1.7 

901.25 


932.1 

901.1 

963.6 

931.7 

901.25 


• 

899.0 

956.6 

925.6 

895.68 

942.6 

912.0 

^ M’f's U i Vi 

924.5 

895.0 

■ >■ * 7 • 7 - 1 1 


892.1 

861.3 

195.50 

190.04 

184.83 

190.65 

185.23 

179.96 

168.50 

163.70 

159.02 

163.76 

158.87 

154.26 


158.1 

153.4 


ft Dauvillier (». 4T. «S) hats separately 0} with Xo. - 1170.2, Xpt - 1100.0, 
^Au 2=1 1089.76. 

II Dauvillier (•• 47) ^" x - 1062.3 for 79 Au. 

1 Non-diagram lines listed by Siegbahn (»41). 

M 8*me observer lists this value for 0 uqi also. 

tt As measured by Dauvillier and called by him ft; his fii is the neighboring 
non -diagram line Lti - N 41.41. 


Emi/sion- Tscnos 0 ' SiwST/IT n0 ‘ e g d 1 , T Ab80r P tio " *-«*■«• (•»); Mimita, 88 R* («•), others (•*. ««); A/-limits (»«, •»«). 

and (») ’ 1 U ^ *“ ( ' ( M ’ 8 ° H * (7,,) - 84 P ° and <*** <”>. ( 7t and («), others 
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Table 11/. — ( Continued ) 


l 


Mt 

Pi 

07^f 

07 

0* 

0.1 

M 

044 


80 Hg* 


Lines . j 


M n-limit 

LtrMn 1 418.41 

1 380. 6" 

LtrMtt 1 249.51 

L, r 1 238.48 

LtrMn I 161.6 

LtrNn 1 076.8 

LirMn 1 069.2 

LtrMtt 1 045.49 

LirN tt,tt 1 036.55 


LxrMtt 


1 030.46 
1 030.46 


LtrNit .44 

LsrOu 1 015.5 

LtrOn.n I 006.7 

Ljr-limit 

LxrMtt 984.2 

L\rMu 

LtrNxx 922.9 

LtrNtx ! 893.53 

Ln-Ntx 872.4 

In i- AT is 866.2 

LtrOtt 872.4 

Ln-limit 870.3 

Lii-Oii,m 838. 1 

Ln-P si, it 

Li ,-limit 833.8 

K-Lt i 

K-Lti 

K-M t i 

K-M i, 

X-Nst.,, 

/C-limit 149.1 


8lTlf 


1 216.03 
1 204.71 
(1 204.93) 
1 125 
1 048.0 
1 037.1 
1 012.66 
(1 012.99) 
1 007.86 
(1 008.22) 

997.8 


988 

978.3 

977.9 


894.2 

865.29 

(865.71) 

844.7 
837.9 

841.7 

841.8 
810.0 

805.8 
174.66 
169.80 

150.11 

145.39 

144.8 


82PbJ 


1 346.62 

1 183.62 
1 172.02 
(1 172.58) 
1 090.2 
1 018.8 
1 004.69 
979.90 
(980.83) 
979.90 

973.5 

966.02 


959.0 
949.62 

950.0 


922.3 
863.9 
837.08 
(838.01) 
818.2 
813.70 
813.70 

813.6 

783.6 

780.6 

170.04 
165.16 

146.06 

141.25 

141.0 


83Bif 


1 312.95 

1 153.3 
1 141.15 
(1 141.50) 
1 057 
991.6 
975.4 
949.30 
0 960.02 ) 
952.93 
(9£3 . 24) 


922.3 

921.9 


893.8 

837.8 
810.65 
(811.43) 

792.9 
787.4 
787.4 

787.4 
761 

756.5 
165.25 
160.41 

142.05 


84 Po 88 Ra 90Thf 


2 388 
1 112.41 


1 101 1 010 


920 


802 


668 


965.24 

953.42 

(954.05) 


789 
762 . 69 
( 763.66 ) 

791.08 

(791.92) 

762.1 


762 . 59 
759.9 


651.03 

(651.76) 


630.1 

628.8 


604.6 


92U t 


2 228 
1 064.77 
961.7 
920.14 
908.33 
(908.74) 

802.9 

786.6 

745.4 

718.07 
(718.61) 
752.68ft 
(753.07) 

708.4 

745.9 
734-0 
736 

* 724.13 

721.6 
685.3 

679.7 


137.2 


113.1 


612.83 
(613. 59) 

604.4 

597.0 

592.6 

592.0 

573.8 

568.9 

568.7 
130.95 
126.40 

111.87 

108.42 

107.5 


* For 80Hg there are alao fi it * 993.0 and the unallocated lines 907.0, 882.9, 
and 856.4, all from ( TB ). See aUo note “f.” * 

t Fri man’s measurements (•*) of' the stronger tin— are green in ( ) and are 
more aocurate than the older values; he did not measure the fainter lines. 

X The X's of the I^series of HOnigschmidt’s Ra-O (atomic weight - 200.00) are 
identical (within 0.5mA) with those of ordinary Pb (atomic weight — 207.18) 
( ,4B ); those of the Lai line of such leads are identical within 0.000mA (*•); those 
of the absorption limits of two of Richards’ leads (atomio weight — 200.08 and 
207.20) are identical within 1mA ( 70 ). See aleo note ‘‘f." 

| Satellites of diagram lines; not resolved in any photograph (■*). 


| In spectrum of 92U, M(t" and My are each accompanied by a satellite: 
fi"'\ - 3700, y"X - 3406. 

1 Non-diagram lines listed by Da n villi er (»• 47). if a difference notation is 
given, it is to be regarded as tentative. In this table, Dauviffier’s fii and fi' 1 are 
entered as and fii, respectively. His ff*' t fit, fit are, respectively, the same as 
Siegbahn’s fit, fit, fiit. 

** An unallocated line ; not s. 

ft Dauvillier (•* 47, «t) lists separately (& - 754.68 for 92U. 

Non-diagram lines listed by Siegbahn ( 14 >). 


Notes regarding the data of Table 1 1 


Lit. 


<*•) 

(«) 

(* 4 ) 


(»*) 

(33) 

<» 4 ) 

(”) 


Remarks | 

Error not stated. j 

Neither error nor value used for grating-space is given. 
Used rock salt and Siegbahn’s value d r * 2.814 A, 
but values may not be strictly comparable with 
those obtained with calcite. 

Probable error X0, may amount to 0.24mA; of others 
it is 0.08mA. 

These revised data agree fairly well with those by 

(109). 

Error not stated. j 

Error estimated as 2mA. 


Lit. 


( 47 ) 


(5, 48) 


(39) 

( 60 ) 


Remarks 


Values for strong lines are generally within O.lmA'o 
Siegbahn ’8, but for such lines as L0, and L0 4 the; 
depart irregularly by about 0.4mA. 

Probable error estimated as some tenths of mA 
Values are based upon Siegbahn’s values for X-line 
of 26Fe and 29Cu. 

Probable error estimated as <\%; recomputatioi 
would add only 0.5 unit in last figure. 

Probable error not stated; used ionisation spectrom 
eter and estimated position of middle point of th< 
discontinuity to within 0.1% of dancing angle. 
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Notes regarding the data of Table 11. — ( Continued ) 


Lit. 


( 63 , 66 ) 


( 75 ) 


( 72 , 80 ) 


( 83 ) 


( 105 ) 

( 108 ) 

( 110 ) 


( 114 ) 

( 116 , 117 ) 
( 118 ) 

( 135 ) 


( 142 ; 

( 151 ) 


( 154 ) 

( 167 ) 


Remarks 

Error estimated as 0.3 or 0.4mA for most of Lj,- and 
Ljr- limits, and, on the average, as ca. 0.9mA for 
Ln-limits. Data have been recomputed on basis of 
d e = 3.02904 A (see Table 9). 

Measurements for 80Hg were relative to neighboring 
lines of other elements; X’s used for latter were not 
very accurate. 

Error not stated; crystal was sugar; data have not 
•been recomputed, those for 12Mg and 13A1 are the 
least accurate. 

Error estimated as 2' to 4' in the doubled glancing 
angle; t.e., 1.5 to 3mA for calcite and more for 
gypsum and sugar; all three crystals were used. 
In certain cases, his difference notation has been 
changed to conform with indications of the selection 
rules (p. 31). Dolcjsek ( 56 ) questions the correct- 
ness of some of the transitions assigned to lines of 
the N-series, but the alternatives he proposes seem 
to be inconsistent with the observed intensities. 
Measurements carefully made and usually agree with 
those of (»08) within 0.1 or 0.2mA. 

Probable error not > few units in last figure; work 
was done in Siegbahn’s laboratory. 

Values based on X = 1242.1mA for L/3, of W and on 
white lines, at 2515.7mA and 2451.5mA, due to 
Ovem effect ( ,31 ) in his rock salt crystal; assumes 
d r = 2.8125 A. Data not recomputed as the 
assumed value of L/3, of W is essentially that given 
in Table 9. 

Error not stated; individual plates differ from the 
mean by only 0.1 or 0.2mA. 

A careful investigation. 

Error not stated. Part of the work was done with 
Siegbahn’s precision spectrometer. 

Probable error = O.lmX. Used de Broglie’s rotating 
crystal method. Kind of crystal is not stated, but 
probably differences between his values and Cork’s 

( 32 ) may be judged from their values for W as given 
in Table 9. 

Probable error in K-series is not > a few units in last 
figure. 

Most of their values are given only to nearest 10mA. 
They do not state to which Lp their measurements 
apply, presumably it is Lp x . 

Error not stated. 

Probable error of Ka x and Ka t = 0.04mA, of Kp x = 
0.06mA. 


ABSORPTION LIMITS 

As the wave-length (X) of the radiation is varied the coefficient 
of absorption of a given substance changes abruptly as X passes 
through certain definite values. These values are known as the 
absorption limits of the substance, and have been found to Coincide 
with the limiting frequencies of the emission series characteristic 
of the absorber; for more detailed information, res Absorption and 


scattering of X-rays, p. 8. In this section we are concerned only 
with the fine structure of these limits and with the effect of chemi- 
cal combination. For numerical values of the limits, see Tables 10 
and 11. 


Table 12.— Absorption Limits: Fine Structure and Effect of 

Chemical Combination 

The limits for certain elements have a fine structure (38, 72, * 0 ). 
The structure on the long-X side may be due to a partial reduction 
of the compound (“3, H4) ; that on the short-X side is observed 
only when the absorbing screen is thin. In addition to the fol- 
lowing data, very extensive and detailed investigations may be 
found in (*» 153). 

Roman subscripts indicate the valency of the element in the 
compound studied. AF e =» amount by which the equivalent 
excitation potential for the compound exceeds that for the uncom- 
bined element; AV e = = hcA X/eX*X„ where AjXj * 

wave-length of absorption limit for compound [for element] and 
AX a X, — X*. On basis of I. C. T. accepted constants (Vol. I, 
p. 17), hc/e = 12 344 volt A. K\ = principal K-limit, Kt * 
secondary absorption edge; in each case X corresponds to the low 
frequency edge of the line; 5X = width of line (c/. Fig. 14); av. * 

average. Unit of X = 1mA = 0.001 A = 10' 11 cm; of AT - 1 
volt. 



14 


15 


16 

17 

19 


20 

21 

22 

23 

24 


25 


26 


K- limit 

Si * I 6731.0 

Siiv 6707.5 

P(white)* 5776.9 

P(black) 5771.5 

Hypophosphites 5757 . 5 

Phosphites 5754.1 

Phosphates 5750.7 

S (see below) 

Cl (see below) 

K * 3431.0 

KCN 3429.3 

KCNS 3428.7 

KI 3428.3 

KC1 3428.0 

K.S.O, 3427.3 

K »SO, 3426.7 


6.4 

2.0 

7.2 

8.4 
9.7 


("«) 

( 114 ) 

( 1 . 2 ) 

( 1 . 2 ) 

( 1 . 2 ) 

( 1 . 2 ) 

( 1 . 2 ) 


KCIO. 

Ca (see below) 

Sc 

Sc,(S0 4 ), 

Ti* 

TiO, 

V* 

Vy(av.) 

Cr* 

Cr»Si 

Cr(OH), 

Crj(S0 4 )i 

Crvi(av.) 

Mn* 

Mn n (av.) 

MnO* 

KMn0 4 

Fe* 

FeS 

FeS0 4 

Fem(av.) 


3426 . 3 


1.8 

2.4 
2.8 
3.1 

3.9 

4.5 

4.9 


(III) 

( 113 ) 

( 113 ) 

( 113 ) 

( 113 ) 

( 113 ) 

( 113 ) 

( 113 ) 


2751.7 

2491.2 

2482.6 

2263.0 

2257 . 1 

2066.3 

2063 . 9 

2061.9 

2062.2 

2059.7 

1892.1 

1889.3 

1887.7 

1886.3 
1740.5 

1738.9 

1738.3 

1737.2 


( 72 , 80 ) 


17.0 

( 114 ) 

( 114 ) 

14.2 

( 114 ) 

( 114 ) 

6.9 

( 114 ) 

( 114 ) 

12.7 

( 114 ) 

11 9 

( 114 ) 

19.1 

( 114 ) 

9.7 

( 114 ) 

( 114 ) 

15.2 

( 114 ) 

20.0 

( 114 ) 

6.5 

( 114 ) 

( 114 ) 

9.0 

( 114 ) 

13.5 

( 114 ) 


X-RAYS: WAVE-LENGTHS AND ABSORPTION LIMITS 



Table 12. — ( Continued ) 


z 

Absorber 

M>«) 1 

6\ | 

| 

AT, 

t K r Kx 

Ki 

K, I 

1 

-K, 

K{ 1 

1 

17 

Cl,* 

4393 . 8 

4381.6 

7.5 




7.8 


HC1 

4385.3 




5.4 




Chlorides 

4382.9 


11.3 


7.0 

13.8 

14.6 


Chlorates 

4376.9 

4357 . 4 

9.6 


10.8 

15.5 

12.5 


Perchlorates 

4369 . 8 

4347 . 8 

9.7 

15.9 

15.3 

21.6 

14.1 


(See Fig. 14) 








16t 

S mon.t 

5009.0 

4994.6 

8.5 

8 





S rhom. J 

5008.6 

4993.8 


7.7 





S* cryst. J 

5008.8 

4994 . 1 

8.1 

7.9 





Sulfides § 









Sulfites 


4988 . 1 

4.3 

4.2 

6.3 




SO, 

5004.5 

4996 . 4 

4.0 


2.1 




Sulfatesll 

4987.9 


5.2 


10.3 




SnU 

5006.8 








Sivll 

5001.9 


5.5 


3.4 




SviH 

4993.9 


5.7 


7.3 




Absorber 


X (>»•) 


I 


AF 


Ki | Kt | Kt | Kt | Kt-Kx | KrKx \ Kt-K, 


20Ca 


Ca*(av.) 

CaCO. 

CaSO«.2HtO.. 
CaFi 


3060 a 
3069 . l 
3059 * 


3050. a 

— ^ w \ • 

3037 . 9 

■ * • / i w ** 

3023 . 8 

• — ’ ( 
13 8 

I — X 

29.5 

/ 

49.1 

3047.5 

3035.8 


15 8 

31. e 


3047.8 

3034.8 

3025 . 8 

16.o 

33.7 

46.x 


Absorber 


L-limits 


Ut I (4K.),, | AX,** | AXj 


♦ * 


Lit 


60 


61 


62 


63 


Sn* 

SnO, 

Sb* 

8 b, 0 , 

KSbO, 

Sb* 

8 b, 0 , 

Sb,S, 

Sbl. 

SbOCl : 

KSbOCiOstt-... 

KSb0C«H 4 04t-. 

Sb,0$.nH,0 

SbtS» 

Cu(SbO,),.nH,0. 

K,H,Sb,0 7 

Te* 

H,TeO, 

H,Te0 4 

I* 

KI 

HIO, 

HIO 4 


3146.9 

3140.6 
2991.5 

2985 . 1 

2984.1 
2993 . o 

2987 . 4 
2987 . e 

2988.7 

2989 . 4 

2987 . 9 

2988.5 

2986 . 7 

2991.0 
2987 . 4 

2986 . 2 

2847 . 1 

2842 . 2 

2840.6 
2712 

2712.2 
2707 . 1 

2705 . 8 


8 

9 

10 

7.7 

7.0 
5. 9 

5.0 

7.0 
6.2 

8.7 

2.8 
7.7 
9.4 

7 

10 

0.3 

9 

11 


6.9 

6.0 

6.7 


4.7 

6.0 


4.4 

5.5 


5.6 


7.1 


5.6 


6.1 


( 25 ) 

( 25 ) 

( 25 ) 

( 25 ) 

( 25 ) 

( 93 ) 

( 93 ) 

( 93 ) 

( 93 ) 

( 93 ) 

( 93 ) 

( 93 ) 

( 93 ) 

( 93 ) 

( 93 ) 

( 93 ) 

( 38 ) 

( 38 ) 

( 38 ) 

( 38 ) 

( 38 ) 

( 38 ) 

( 38 ) 


8 vi exhibit 
be principal 


* Absorber from which AF« is measured. 

t In general, 8n has a pure edge type of limit, while Siv and 
absorption lines; the observed subordinate limit of Siv may really 
limit of Svi. as result of oxidation of the- Siv ( M, » ***). 

X Mon. - monoclinic; rhom. - rhombic; cryst. - crystallixed Data ere 

averages. 

| Position of both K i and Kt, especially Kt, depends upon the nature of the 
metal ion. 

U For Ki, X is independent of nature of metal ion; for K t it increases as Z of 
metal ion increases. 

5 Organic compounds. 

•*X(l«i) + AX| - X of a light line which probably (*») is the Lx^limit of 
the element formed by a reduction of the compound. X(tn) - AX* - X of 

maximum of a broad, diffuse, dark line which appears only when absorbing 
•«reen is thin. 

ft Potassium antimonyl oxalate. 

XX Potassium antimonyl tartrate. 


Table 12. — (Continued) 


z 

I Absorber 

L|j 

1 (AKJu 

1 L„ I 

(AT,)., 

! /,» ! 

(A P, hi 

Lit . 

53 

I* 

2402 


2548 


2711! 


159. 


Nal 

2397 

11 

2542 

12 

2708: 

5 

'159 i 


NalO,. . . 

2398 

9 

2544 

9 

2709| 

4 

; ,i59) 


NalCL. . . 

2397 

11 

2541 

14 ! 

2703 

13 

1 .159) 


Af-lirriits § § 


7 

A/„ 

i**> 

r*> 1 

CJ 

0 1 

e i 

1 9 

1 e 1 9 1 e | g r' 

pmm 

3058 . 5 
2873.4 

3046 . 3 
2865.2 

3552 . 3 
3325.5 

3538 9J3721 3 3704 5 | 

3312 4 3400 . 7|3473 . 7 3458 7-3440 . 2 


55 Passing from longer to shorter X's, the intensity of the transmitted radiation 
varies as follows: At o there is an abrupt decrease in intensity, that is the limit 
itself; at e there is an increase in intensity; at g' there is a"*second decrease, fol- 
lowed by another increase at t! . 



Fl ®; . 14 ‘ Relative positions and structure of the K absorption limit of 

U in certain compounds: Diagrammatic. (After Siegbahn (i«*).) 

A t is the principal limit, Kt is a secondary edge. The subscripts i. 

v. vii indicate that the Cl was contained in chlorides, chlorates, and 
perchlorates, respectively. 

CONTINUOUS SPECTRA 

All data discussed in this section were obtained with unvarying 

voltages; the power transmitted by the radiation is proportional 

to the cathode-ray current (14), and is plotted as ordinates in the 

figures. (With gas-filled tubes an appreciable fraction of the tube- 

current may be due to positive ions.) With a fluctuating voltage, 

the spectral distribution of the energy is much like that with an 

unvarying V equal to the peak voltage, but there is more energy in 

t e longer waves ( 43 ); the intensity is practically that due to such 

current as flows during the part of the cycle when V is near its 
peak value. 

Practical workers are interested in the spectral distribution of the 
energy in the radiation that emerges from the tube. This is roughly 
indicated in Figs. 15 and 16. 

For exact information about atoms and the mechanism of radi- 
ation, observed data must be so corrected as to give an actual 
measure of the X-ray energy emitted by the atoms of the target; and, 
for the purposes of this section, the last is further corrected so as 
to eliminate the energy contributed by the characteristic line 
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spectrum of the target. The distribution of energy in such a cor- 
rected continuous spectrum is shown in Figs. 17 and 18. 

The spectral, or monochromatic, intensity (J+ n J+\) of the 
radiation in the direction i ( v . Fig. 19) is defined by the equations 

= Jq = J ^ where vq and Xo correspond to 

the high-frequency limit of the spectrum, r 0 being defined by the 
equation Ve = h^o in which V is the voltage on the tube; cJ+ p = 
XV^x- The excitation voltage (l r o) for radiation of frequency v 
is T o = h*/e. For notation and general remarks concerning the 
origin of X-rays and the high-frequency limit of the continuous 
spectrum, see p. 24 and 27. 



no. lo. \ anation of observed (uncorrected) .pectrum with material 

of target («••). 

Tube potential and current were unvarying and the same for alL 

Under all conditions yet investigated, for radiation from the 
focal spot, J+ p d*dr - CZ[{w 0 - r) + x] sin fd^dr, C is a constant, 
and x, which is comparatively unimportant, is in general a function 

of and 9%. The (*<> - ,) term is well established, but inves- 

tigators disagree regarding the x-term. At low voltages (7 to 12 

\ ’ ^ h “ 0 0025 X 10,1 sec” 1 and r, = 0.07 X 10“ sec" 1 

'£• * lgs ’ 20 and 21 >- At liigher voltages (10 to 80 kv), the iso- 
chromat method (Figs. 22 and 23) has usually been used, Z has 
been varied from 29 to 78, and * has been near 90° (* 77 , it«). b ut 
in the most recent work (1*6), * has been varied. In that (i*«), 
wa f ^ aned from 15 to 80 kv, and it was found that, for Z = 29 

0 7^ Z ? (1 7 e ^7 )/P) ' Where for + - *' * 0.0027 ± 

0.0005, for * - 36 ,6' - 0.0033 ± 0.0004: and for * - 144° 6' 



Fio. 16. — Variation of observed (uncorrected) spectrum with tube 

potential and current constant (*••). 

In each case the tube potential was unvarying. The tube current 
was the same in all cases. A standard Coolidge tube with tungstep 
(W) target was used. 


is, in general, negative, progressing from ca. 0 for Vo - 15 kv to 
oo, — 0.0015 for Vo =» 50 kv. The original interpretation of 
these data was in error; a revision is soon to be published. The- 
total X-ray energy emitted by the focal spot is 


Q JiA+ - J 0 sin *d*J^ CZ[(ro - r) + x]dr - 

KZV' + czfc™ sin ”id» - CO. KZV' 


as x is small, positive for some values of ^ and negative for others; 
K depends upon C, but is independent of Z and of V. 

The radiation from the focal spot, to which the formula appli®*? 
does not represent all the X-ray energy generated, as a very appre- 
ciable fraction of the cathode ray is so deflected from the focal 
spot as to strike other portions of the target with sufficient veloc- 
ity to produce X-rays. Probably this effect is much influenced by 
the smoothness of the target face, and by its inclination to the 
cathode stream; this ’may account for the disagreement regardifl# 
the x-term. The amount of this stray energy is of the ortler of 
20% of the whole (*®» *1), and its spectral distribution is of the 
same mathematical form as that of the energy from the focal spot, 
x having a relatively large negative value ( 12# ). For given condi- 
tions, the variation of x with ^ is only slightly affected by the pres- 
ence of this stray radiation (1*6). 

Using the best value of C ( l0 *) in calculating the total energy in 
the continuous spectrum, the efficiency (X-ray energy per volt- 
ampere of cathode ray current) is found to be E ■■ (9.5 ± 8) X 
10” l# Z7, where V is expressed in volts. It is claimed ( ,02 ) that, 
in the method of measurement of cathode ray current through the 
gas-filled tubes used for the above evaluation of C, the stray radi- 
ation is automatically corrected for. The best experimental 
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Fio. 17. — Fully corrected frequency spectrum (Mi). 

Full line represents the spectrum os emitted by the atoms of the 
target; the lower broken lines represent the same after filtration by Al, 
or, qualitatively, by any filter without absorption limits in the region 
considered. 



% 



Wave-length Scale 

Fio. 18. Fully corrected wave-iongth spectrum (*•*). 

This differs from Fig. 17 (g.r.) only in the quantity chosen as abscissa 



Fio. 20.— Corrected frequency spectrum: Variation with material 
of target, potential constant (>**). ( After Siegbahn (Mi).) 

Tube potential and tube current were unvarying and the same for 
all targets. 
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Fio. 21. — Corrected frequency spectrum: Variation with tube potential 

( 17 *). {After Siqjbahn (»«*)). 

Tube potential unvarying; tube current is the same in all cases. 



me f*uring X-ray energy seems to be that recently 
urod by Rump in a measurement of unresolved energy (I3*) t but 
his corrections for absorption may be questioned; when his data 
are corrected on the basis of other work (>*«, l*«), and stray and 
characteristic radiation allowed for, they lead to a value for the 
numerical coefficient ca. 10 X this is probably the best 

value available at present. It should be noted that both the 
above calculations involve the assumption that the formula applies 
to even the lowest frequencies, of which the energy cannot be 

measured experimentally owing to absorption in the target and in. 
the walls of the tube. 

The most fundamental expression of the laws of X-ray emission 
will refer to infinitely thin targets, in which the cathode rays have a 
uniform speed and direction. Such uniformity does not exist in 
thjck targets ( 1M ). In them, the cathode rays not only lose speed 
gradually, until they are completely stopped, but they are also 


*J y v » / 



Fio. 23.— An isochromat for Cu (Z - 29), * - 144° (**•). 
Differs from Fig. 22 ( q.v .) only in value of 



0 Vo 2V 0 VO V 0 V 

Fio. 24. — Illustrating the continuous spectrum emitted by infinitely 

thin targets. 

Full lines ( ) represent data derived from observations with 

thick targets; dotted lines those from actual thin targets; and 

broken lines ( ) are extrapolations. 

deflected by the atoms of the target so that, especially for targets 
of high atomic numbers, they approach random directions by the 
time they have lost a small fraction of their original energy; 

( 1 85 ). Hence an expression of the thin target intensity as a func- 
tion of \J/ can be inferred from data fo** thick targets ( ,2fl > 1 76 » ***) 
only if (* 0 — *) is much less than »»o; and* an average value of the 
intensity (summed over all values of can be so iuferred only if * 
is much less than n. In this way the full line portions of Fig. 24 
were obtained from Nicholas’ (**•) data, the original interpret*; 
tion of which was in error. Only unpublished preliminary data 
for actual thin targets are available, but they confirm "the con- 
clusions from thick target data, and, within a rather large experi- 
mental error, supplement them as indicated by the dotted lines of 
the figure. 

Of numerous theories that have been proposed (*•» **» 1 * 

iai f l®M f only one ( 10 °) represents satisfactorily the thin target 
data. This is based on a “ correspondence principle " treatment o 
radiation from electrons in hyperbolic orbits. Its details have 
been only partially developed, but it leads to an average intensity 
(over all values of *) that agrees with Fig. 24. As applied to thick 
targets, it leads to the formula here given for the focal spot, 
with x * 0; and it predicts an efficiency of 0.2 X 10“ l# ZV’. P 1 *" 
dictions based on wave mechanics are not yet in such form as can 
be tested by experiment. 
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A Spectral order. 

n Number of electrons per unit volume. 

l " U ' h Dlr,:ctlon cosines of reflecting plane with reference to the 

axes of the crystal. 

I ^ ngth of one ed « e of ‘ho elementary cube of the crystal. 
” Glancing angle corresponding to X. 

00 Glancing angle if „ were unity. True glancing angle. 
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X Wave-length. 

/j Index of refraction. 

v Frequency. 

<i> Debye’s function ( ,3 ). 

u> Angular velocity of the reflecting crystal. 

Refraction. — Darwin's formula ( 7 ) is 9 — 9 0 = (1 — /x) /(sin 9 
cos 0 ), hence X = j 1 - (1 - M )/sin : d}(2d sin 0)/N. From the 


optical theory of reflection ( 16 ), 1 — n = ( —■ - 7<l - -f 

— v\ 

nj \ 

*1 -5 -f . . . ) where n !f n,, . . . are the numbers of elec- 

v ~~ / 

trons, per unit of volume, having natural frequencies *»,, . . . 

Usually vi, vi, . . . are all small as compared with v } then 1 — 
n * ne % /2rmv 2 . 

Table 1. — Index (p) of Refuaction of X-Rays 
\k = 1 — S X 10~«; So = observed; S c = computed; p = density of 
refractor; unit of X = 1 A = 10 -8 cm: of p = 1 g cm'* 


n i 



Reflection.— The reflectivity depends upon the polish (Table 4) 
and upon the temperature (Table 3) of the reflecting surface, as 
well as upon the , crystal plane employed. 

Table 2.— Reflectivity of Rock Salt (NaCI) and Calcite 

(CaCOi): X-Rays • 

r(10)- 5 a Eu>/I = integrated reflection; 7 = intensity of direct 
beam, E =■ ionization current, a> = angular velocity of rotation of 
crystal; Fw is independent of w. N = spectral order, PI ** reflect- 
ing plane. Crystal surfaces are polished. 

NaCI 


PI 

N 

X 

r 

1 

Lit. 

mm 

N 1 

X 

l 

r 

Lit. 

100 

1 

LjJjJJj] 

54 

( 3 ) 

100 

1 


0.712 

8.72 

( 5 ) 

100 

1 


55 

( 2 ) 

100 

1 


1.39 

7.70 

( 18 ) 

100 

1 


40.3 

( 5 ) 

100 

1 


1.54 

8.10 

( 18 ) 

100 

1 

1.54 

27.5 

(18) 

100 

1 

1.75 

8.~p7 

( 18 ) 

100 

1 

1.93 

20 ' 

( 18 ) 

100 

1 

1.93 

7.88 

( 18 ) 

100 

2 

1.54 

4.0 

( 18 ) 

100 

2 

» 

i 

1.54 

0.66 

( 18 ) 

100 

2 

1.93 

2.9 

( 18 ) 

100 

2 

> 

i 

1.93 

0.62 

( 18 ) 



NaCI (2); AT = 

i; x — 




PI 


r 1 


r 



PI 

1 


r 

100 

55 

1 

220 

3.34 



555 



200 

10.9 


0 390 | 


311 




300 

2 

.78 

111 

4 95 



622 


l 

47 

400 

0.435 

222 

18.1 



331 


0.445 

500 

0.064 

333 

0.318 


511 


0 335 

no 

ME2M 

444 

1 54 



711 


0 

168 


0 

Table 2. — ( Continued ) 

NaCI (2); relative reflectivity; X = 0.586 


N 

Pl^\_ 

1 

2 

3 

4 

100 

100 

18.7 

6.25 


110 

41 

7.05 



111 

16.5 

24.4 

3.1 

4.2 


Table 3. — Reflectivity for X-Rays: Variation with 

Temperature 

• See also Figs. 1 and 2 

Debye ( 13 ) finds that the effect of temperature may be repre- 
sented by the factor F, where 

F = e -« + '' + (t) 

T = absolute temperature and To is a temperature which is 
characteristic of the crystal. In certain cases, r(fj)/r(L) = 1 - 
a(l t - L)( 10)“®, where r(<j)/r(b) = ratio of reflectivity at temper- 
ature to that at t\. Obs. = observed value of r(<i)/r(h)» 
Calc. = value calculated by means of factor F, PI = reflecting 
plane, N = spectral order. Unit of A = 1 A = 10" 8 cm; t = 
centigrade temperature, °C. 



Pio. 1. — Variation of relative reflectivity with temperature: Carbo- 
rundum (*). 

Numbers on curves indicate reflecting planee. 


100 


80 


60 


T 


T 



t- t 


At OA 

x= 0.709 A 


IOO°C 


t- 

?00° 


qno* frOQJ 


40 

Fio. 2. — Variation of relative reflectivity with temperature. 

Aluminium (•). 

Numbers on curves indicate reflecting plane* _ 

A1 Foil («); X - 0.710; N - 


NaCI (2); x 
15; 


0.614; t x 
370° 


U - 80° 


PI 

A r 

Obs. 

Calc. 

PI 

Obs. 

100 

1 

0 . 934 

0.930 


U = 

110 

1 

0 . 833 1 

0.862 

100 

0.88 

100 

2 

0.794 

0.741 

110 

0.77 

110 

2 

0.483 

0.526 

111 

0.92 

100 

3 

0.5151 

0.521 

311 

0.84 

C, Graphite (*); 

X = 0.709; PI 

= 0001 


Calc. 


310 


0.966 
0.935 
0.973 
0 913 



0.8151 
0.56 
0.86 
0.709! 

107 if <i - °°'* 

V / 9 mm f ” 

tx < U < 900°. 

AljOi, Ruby and sapphire ( f ); X = 0.709; fi * 15°; b ^ ** 
950°; a„ 0 = 52.6; a,* « 269; a n , - 309; a m - 373; a«i« =" 420 ‘ 
Subscripts indicate PI. 
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Table 4. — Reflectivity of X-Rays: Effect of Polish 

Double spectrograph and successive reflections from two 
crystals, r = 100 7*//i, where 7i[/*] = intensity of beam incident 
upon [reflected by) the second crystal when so placed that the 
reflection is a maximum. First order reflection from planes 100 
(c/i Fig. 3). r p [r«] = value of r when crystals are polished [un- 
polished]. Unit of X = 1 A. 



Fig. 3. — Effect of polishing: Calcite (»). 
r - % reflected at glancing angled; P - polished; U = unpolished. X = 
0.317 to 0.842 A. PI - 100. (C/. Table 4.) 


Table 4. — ( Continued ) 


X 

Tu 

1 

| Lit. 


CaCO a , 

Calcite 


0.369 


35.4 

I f®) 

0.422 

44 4 


( 9 ) 

0.580 

43.1 

29.2 . 

f 9 ) 

0.685 

42.8 


( 12 ) 

0.790 


25.3 

(' 2 ) 


NaCl, Rock salt 


0.294 

24.8 

22.1 1 

( 10 ) 

0.491 

15.3 

15.1 

(10) 

0.686 

13 0 

11.5 j 

f' 2 ) 
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D Diameter of electrodes. 

E Strength of electric field. 

I Electric current. 

I Length of arc. 
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R True resistance of arc: R = limiting values of dV/dl as d / 
approaches zero. 

T Absolute temperature. 
vp Vapor pressure. 

V Voltage difference of electrodes. 

Electrical Data.— The residual emf between cored carbon elec- 
trodes, after removal of impressed emf, is 2 0.64 volt at 0 4 sec 
and 0.05 volt at 7 sec (3). Duddell defines the counter emf as 
HI) for carbon arcs, he finds it varies from 11.2 to 18.5 volt, 
depending upon the current and the nature of the electrode (5, 10 ).’ 

Others have defined the term in various ways; hence the recorded 
values vary greatly (5). 
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\ oltaoe Difference: Effect of Length and Current 

V = a -f bl + c/" 1 -f d//“ l . Carbon (C) electrodes are solid 
unless the contrary is indicated. For metallic electrodes, / small, 
s ee ( 8 ). Unit of V » 1 volt, of / = 1 ampere, of / = 1 mm. 
Electrodes 



Carbon* 

Carbon f 

Carbon t 

Carbon 

Carbon 

Carbon 

Carbon A. C.§ 
Magnetite.. . . 
Copper 


Air 

Air 

Air 

C0 2 

Hj 

HjO 

Air 


38.88 
0.0 
62 
80 
0 0 
200 
20.4 
35.8 
18 


2.07 

'0.99 

11.4 

1.17 

29 

1.0 

1.81 

0.89 


11.66 
0.0 
‘ 0.0 
90 
180 
0.0 
0.0 
-7 
52.1 


10.54 
0.0 
3.26 
7.3 
22.2 
18.5 
0.0 
5.81 
3.43 


3 to 16 
120 to 700 
3 
3 
3 
3 

6.5 

3 


( 2 ) 

(33) 

( 12 ) 

( 12 ) 

( ,2 ) 

( 12 ) 

( ,5 ) 

( 12 ) 

(28) 


.17.5 

* D - 11 mm; I measured from tip of cathode to plane through edges of crater; 
for long arcs. V is less than value given by these constants (><>). For flaming 
arcs (•) and for cored carbons (*•. *1), V is less than for solid carbons; no simple 
equation can be given for cored carbons (>*). 

t / measured from tip of cathode to bottom of crater. 

t i !> 5 0 cm.. 

$ Cored electrodes; A. C. “ alternating current arc. See also note.* 

B For metal electrodes, V varies greatly (•). 

Distribution of Voltage 

Determined by use of exploring electrodes. For small currents 
between metallic electrodes, see ( 8 ). V a [V e \ = drop of potential 
at anode (cathode); anode = electrode of higher potential. Unit 
of * E* « i volt; of E = 1 volt/cm; of / = 1 ampere. 

Electrode 

133.7 
4 08 tl 
2.5 


C, Carbon* 

Hg 

Na-K 


Lit. 


Air 
Vacuum 
Vacuum 


8.96 
5.27 (27) 
3.8 



(23) 


* Solid electrodes; l - 5 mm. 

t ip - 0.45 mm Hg; value of V. varies from 4.8 to 18. depending upon vp, I 
and the shape of tube and electrodes (>>); as tp and 7 are increased indefinitely 
y « approaches 3.72 as limiting value (>>. *«). 
t tp - 2 mm Hg. T - 1000°K (*). 

Mechanical Data.-Area of crater = 1.34 mm> per ampere for 
solid carbons («); -(3.83 + 1.52/) mm’ for positive carbon cored 
negative solid, and l = 4 mm, unit of / = 1 ampere (2). 

Area of cathode spot = 0.0253 mm’ per ampere for Hg-arcs 

( <); = 0.213 mm’ per ampere for C-arcs of such lengths that 
anode does not affect the area and for I = 1.5 to 10 ampere ( 14 ). 

Consumption of electrodes (unit of / « 1 mm). Solid carbons’ 
open arcs, D - 1 cm, anode consumption if / 2 20 mm is (2.4 + 

i^otiN 0 * 0044 ^ 8 hr i* 1 * 4 ampere, and (1.73 + 0.086/ + 
0.003/ ) g per hr if / =8 ampere; cathode consumption if / 2 12 
mm, / = 6 ampere, is (0.72 + 0.022/ - 0.0115/*) g per hr (11). 
Solid carbons, enclosed arcs, D m 11 mm, 7=5 ampere 

consumption of positive electrode - 1.65 mm per hr, of negative 
electrode = 0.319 mm per hr (*l). 

Flaming arc, carbon electrodes, anode D - 8 >nm, cathode D - 
7 mm, each electrode consumption = 30 mm per hr ( 28 ). 


Magnetite arc, cathode consumption = 1.5 mm per hr (16), 
I = 6.6 ampere, value of D is not stated. * * 

Temperature of the Arc. — The temperature of the cathode is 
usually several hundred degrees lower than that of the crater; that 
of the gases between the terminals is higher than that of the 
crater, the exact value is not known. The temperature of the 
crater of the carbon arc in air is between 3900 and 4000°K for 
graphite terminals (30) ; 4200°K at 1 atm., decreasing to 3940°K 
at 0.1 atm. for solid carbons (i 8 , 1 9 ); 4200°K at 1 atm, increasing 
to 5890°K at 22 atm. for impregnated (cored) carbons ( 18 » ,9 ). 


Photometric Data for Arcs 


wuuuuus emciency 01 me radiation (= iuuu ui euergy 
luminous radiation to that of total radiation) varies with / and I 
from 0.043 to 0.083 for direct current enclosed arcs between solid 
carbons, and from 0.115 to 0.225 for yellow flaming arcs, direct 
and alternating current (> 7 ). 

Vt = voltage difference of lamp terminal; W = power expended 
in lamp; sep = mean spherical candlepower, lep = mean lower 
hemispherical candle-power. Unit of / = 1 ampere; of Vi = 1 
volt; of V V == 1 watt; of sep, lep = 1 candle. 

— I I*. | 1 V , UV pj Icij 

Direct current arcs 



W f lep 


Carbon, open 

9.6 

50 

480 

540 

0.89 

1 813l 0 59 

(25) 

Carbon, enclosed 

6.6 

70 to 75 

480 

310 

1.55 

505 

0 95 

(25) 

Flaming 

8 

44.2* 

354 

919 

0.385 

1670 

0.21 

(26) 

Magnetite f 

5 

77.5 

388 

426 

0.91 



(*) 


W W 

Alternating current arcs 




Carbon, enclosed 

6.6 

70 

455 

314 

1.44 



(22) 

Flaming 









(Blondel) 

10 

35* 

255 

1890 

0.135 



( 4 ) 


• Voltage different ; of electrodes. 


t With clear glebe and small internal reflector. 
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elementary substances and 
oxides. 
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Emission by thoriated W. 

Diffusion and evaporation from 
W. 

Calorimetric determination of 
work function. 
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oxydes. 

Variation avec la temperature: 

Mo, Ta, Th, et \V. 

EfFet de remission des gaz par 

W. v 

Emission par W thori<$. 

Diffusion et evaporation de VV. 

Determination calorimetrique 
du fonction travail. 


The relation connecting the absolute temperature ( T ) and the 
rate of electron emission is generally expressed in terms of /, the 
electric current per unit area of surface, by one or other of 
the equations I = A x T Qi e~ b ' /T and / = A 2 T 2 e~ bt/T , which are 
experimentally indistinguishable within the temperature range 

covered in the past. In this range, ^ or 

(T - 4 - T ) 

approximately, 5, = 6, - — “> and lo £io (A,/A 2 ) = 

1.5 log,o T + (5, — & 2 )/2.303T or approximately, A z = 0.223A, X 
T~ lh . In general, data obtained before 1913-1914 are quite 
unreliable and even data obtained more recently are, in many 
cases, equally unreliable either because insufficient precautions 
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und Oxydc. 
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von W. 
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der Arbeitsfunktion. 
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ratura: Mo, Ta, Th e VV 55 
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gas per mezzo di VV 55 

Emissione del VV toriato. . . 55 

Diffusione ed evaporazione 

da W 55 

Determinazione calori- 
metrica di funzione del 
lavoro 56 


were taken to secure a good vacuum or because a very inaccurate 
temperature scale was used. In a few cases in which very good 
data are available weighted average values are given in the 
following tables; these, and the individual values which are 
especially good, are each indicated by an asterisk (*). If W is the 
amount of work required to remove an electron from the surface, 
the “work function,” 0 = W/e, is the potential difference required 
to confer upon an electron an amount of energy equal to W; 
<t> = l: 0 b/e = 8.62 X 10 volt. Unless the contrary is indicated 
the values of 0 given in the following tables are derived from b 2 , 
and will be denoted by 0 2 . The relation between Richardson’s 

0o ( 28 ) and b 2 is b 2 = 11 6OO0o. Papers ( ,2 > 15 > 32 ) should be 
read. 


J able 1 . Electron Emission and Thermionic Work, Function: Elementary Substances and Oxides 
A t temperature T t the current leaving the surface per cm 2 is I T = AiT 0 6 e~ bl/r = A 2 T 2 e~ bi/T ; work function is 0. A, =m X 10", 

_\7 = * 10< ’ 62 = P* X 1Q4 ’ It = ' T x 1Qn - Unit of / = 1 ampere/cm 2 = 3 X 10 9 cs,/(sec cm 2 ) = 0.1 em/ (sec cm 2 ) 

„ X 10 , electron / (^c cm 3 ). Unit of 0 = 1 volt = 10 8 cgsm unit of potential = 0.003335 cgse unit of potential = 1.591 X 
10~ 12 erg per electron. r J 



Ca 


Ce on VV t 

Cs 

Cs on VV J 

Cs on O on VV f 

Hf 

La on VV f 

Mo ; see also Table 2 


Ni 

O on VVf 

Pt (for effect of H, see ( 23 )) 


Elementary substances 





6 02 

1 

4.65 

4.00 

2 

i - 2 

2000 

7.45 

6 

5.49 

1.86 

1 

5.19 

4.48 




2 37 

6 

4.87 

5.93 

0 

4.57 

3.93 

2.84 

- 3 

2000 



4.80 



4 50 

3.88 




1.74 

4 

3.65 

1.2 

-1 

3.50 

3.02 







6.02 

1 

2.60 

2 24 

4 

- 3 

1100 




8.0 

0 

3.15 

2 72 

5 8 

- 2 

1600 




1.62 

2 

2 . 1 0 

1.81 

2.5 

-11 

500 








1 

- 4 

700 




<3.0 

-3 

0 830 

! 0 72 

3.5 

- 1 

1000 




4.75 

4 i 

1 5 9 1 

; 5.09 

2.6 

- 2 

2000 




8.0 

0 

3.15 

2 . 72 

5.8 

- 2 

1600 



5.26 

6.02 

1 

5.15 

4.44 

1.59 

- 3 

2000 



5.35 

6.02 

1 

5.09 

4.38 

2.34 

- 3 

2000 

2.1 

7 

5.00 

6.1 

1 

4.74 

4.08 

1.3 

- 2 

2000 

1 .1 

8 

5 36 

3 23 

2 

5.10 

4.39 

1.12 

- 2 

2000 

4.01 

6 

3.40 

2.68 

1 

3.21 

2.77 







5 

11 

10.70 








6.02 

1 , 

5 90 

5.08 

1.6 

- 8 

1600 

1 195 

7 

4 93 

5.38 

1 

4 73 1 

4.08 

2.2 

- 4 

1600 

1 1 

8 

6 . 55 

4 93 

2 1 

0 85 . 

5 46 

8 

- 9 

1600 

1 .86 

8 : 

7 25 

8 40 i 

‘> 

- . - 
V N 

0.05 

1.8 1 

-10 j 

16r>o 

7.96 

9 

6.78* 

3.56 

4 

6 58 

5.68 

i 

1 

- 7 

1600 

2.55 

6 

6.10 

1 15 

1 

5.90 

5.08 

3 

- 9 

1600 

4 87 

6 

6.10 

2.19 

1 

5.90 

5.08 

6 

- 9 

1600 

3 22 

1 i r 

12 

8.00 

1.45 

7 

7 80 

6.71 

2.4 

- 8 

1600 

1.15 

7 

5 14 

5.16 

1 

1 91 

4.23 

5.6 

- 6 

1600 


( 6 , 28 ) 
( 20 , 28 ) 
( 22 ) 

( 13 , 28 ) 

( 7 ) 

( 8 ) 

( 17 ) 

( 18 , 23 ) 

( 16 , 23 ) 

( 43 ) 

( 8 ) 

( 10 .) 

( 43 .) 

( 19 ) 

( 28 , 34 ) 
( 28 , 30 ) 

( 16 , 23 ) 
* 

( 26 , 28 ) 
( 28 , 39 ) 
( 28 , 39 ) 
( 27 , 28 ) 
( 13 , 2 ») 
( 6 , 28 ) 
( 19 , 28 ) 
( 28 , 30 ) 
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international critical tables 


Symbol 


Pt. — ( Continued ) 


Ta; see also Table 2 


Th 

Th on W f; see also Tables 2 and 4 

U on W't 

W ; see also Tables 2, 3, and 4. . . . 


Yt on W f 

Zr 

Zr on W f 


AM). 


BjOj 

BaO 


BaO + SrO 


BeO 


CaO 


CdO . 
CeO,. 

CojOj 

CuO.. 
FejO, 
La :Oa 
MgO. 


NiO. 

SciOa 

Si0 2 . 

SrO.. 


ThO, 


TiOi 


3 02 
9 90 

9 3 

7 59 
1.21 
9 7 

4 3 

1 12 

8 32 
1 19 
3.61 


1.05 


6.61 
6.40 
5 37 
6.6 
16 


4 

8 


0 


to 


2 4 


In Oj, 

8.3 

1.03 

2 05 
1.11 
6 36 
1.75 
4 30 
3.7 
1.95 
6.67 

3 5 
3 57 
6.9 
2 34 

37 

79 
50 

80 
3 

07 

m 

O 


/ 


3 

2 

m 

O 

3 

9 

5 

7 


2.4 
1.78 

3.5 
6 31 


Table 1. — ( Continued) 

n j 

Elementary substances.— -{Continued) 


3 

3 

6 

8 

/ 

8 


/ 

6 

5 

4 

n 


4.60 

5 20 

6 32 
5 79 
5.31 
5.84 

4 98 

4 42 

5 00 
5 08 
3.64 
3 64 


5.51 
5 30 
5.53 
5.77 


1 36 -2 

4 46 -2 
3 01 1 

2 8 8 1 

Not gas-free § 
Ixjss gas§ 

In hydrocarbo 
6.02 1 

1 31 -3 

3 40 1 

2 95 1 

Not gas-free § 
Less gasf 

6 02 


3 0 
7 0 

3 2 
6 02 
6 02 

4 36 
6 02 
6 02 

7.0 

3.00 

5 00 


1 

0 

0 

0 

1 

1 

1 

1 

1 

0 

3 

0 


Pt 

0, 

! ir 

n 

l T, °K 

i l-i 

itinued) 






4 40 

3 87 

j 4.5 

- 8 

1600 

( 25 ) 

5 00 

4.31 

2 9 

- 9 

1600 

(«) 

4 85 

4.18 




( 29 , 35 

6.06 

5.22 

3 

- 9 


( 33 , 


4 99 



# 

( 35 , 


4.57 




( 35 , 

vapors 





( 25 , 

4 72 

4 97 

1 38 

- 2 


( 10 , 

4.17 

3 58 

4 

- 6 

2000 

( 6 , 28 ) 

4 70 

4 04 

8 9 

- 3 


( 19 , 28 ) 

4.85 

4 18 

3 2 

- 3 


( 33 ) 


3 14 




( 35 , 


3 14 




( 35 , 

3 89 

3 35 

4 3 

- 3 

1600 

( 43 , 

3 05 

2 63 

4 0 

- 2- 

1600 

(**> 

3 12 

2 69 




( 16 , 23 , 

3 30 

2 84 

9.1 

- 3 

1600 

( 8 ) 

5 240 

4 52 

1.00 

- 3 

2000 

• 

5 236 

4 52 

1.00 

- 3 

2000 

(<) 

5.100 

4 40 

1.45 

- 3 

2000 

( 33 ) 

5 250 

4.53 

9.1 

- 4 

2000 

( 10 ) 

5.225 

4 50 

1.12 

- 3 

2000 

( 42 , 43 , 

3.13 

2.70 

5.8 

- 2 

1600 

( 8 ) 

5.22 

4.50 

5 .50 

- 2 

2000 

( 43 ) 

3.65 

3.15 

1.59 

- 3 

1600 

( 7 ) 
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Symbol 


a, 


I I 


Yt*0, 


Table 1. — ( Continued ) 

0i I flz | n | 
Oxides on Pt. — ( Continued) 


<t> 2 


it 


n 


T,° K 


Lit. 


ZnO. 

ZrOj 


6 03 

6 

3.82 

1 48 

1 

3.60 

3.10 

1 00 

- 1 

1800 

1.86 

4 

3.63 

8.22 

-2 

3 43 

2.95 

2 36 

- 6 

1373 

3 1 

-1 

3.51 

1 0 

-6 

3.26 

2 81 

2 6 

- 7 

1973 

1.17 

6 ! 

4.65 

3 80 

0 

4 41 

3 80 

4.2 

- 3 

2000 

6.57 

3 

3.66 

2 90 

-2 

3.46 

2.98 

1 71 

- 6 

1423 


(33*) 

( 14 ) 

( 14 ) 

( 33 *) 

( 14 ; 


Oxides on 95% Pt -f 5% Ni ( 3 ) 

Electrical resistivity of core = 2.2(10)~ 5 (1 + 0.00208/ — 4.6(10)~ 7 / 2 ) ohm cm, / is centigrade temperature, °C. The coating is a 
mixture of the oxides of Ba and Sr plus a small admixture of Ni (and Pt) which is transferred from core to coating during prepara- 
tion and activation of the filament. Thermal emissivity (ratio to black-body) = 0.4 -f 2.5(10)“ 4 7 T if 800°K < T < 1200°K. Electron 
emission in zero field is given by I T = (10 )~ 2 T*e~ n 80o/:r ampere/cm 2 . For anode potential = 150 volt and space-charge limited 

current = 0.010 ampere /cm 2 , the average life is 1.5(10) _s e 22 00,,/T hr. The following values are those most probable when anode 
potential = 1.50 volt and electric field is zero: 


T . . . 

It 

Pt U. 
V'*\. 

Life. 


900 

9.50 

1000 

1050 

1100 

20 

45 

90 

170 

310 

2.3 

3.0 

3.7 j 

4.6 

5.6 

0.02 

0.045 

0.09 

0.17 

0.31 

730** 

170** ! 

55 

20 

7.4 


* This value is especially good, t Monatomic layer, 
t Emission is a function of bulb temperature; bulb at 30°C. 
5 These data are not very reliable. 


°K 

10 -3 ampere /cm 2 
watt/cm 2 
watt /cm 2 
10 3 hr 

|| Values on this line should not be used if T > 1600°K 

^ Pr = power thermally radiated; p, = power absorbed by electron emission. 
** Computed. 


Table 2. — Electron. Emission from Mo, Ta, Th on W, and W: 

Variation with Temperature 

Electric field is assumed zero; if, at cathode, dV/dr > 0, a 
correction must be applied, see ( 31 ); correction must be applied 
for losses in the leads, .see ( 41 ). / = i X 10" = current per unit 

area = A *T t e~**I T ampere /cm 2 . 


7’, °K 

Mo 

Ta | 

| Th on W || W 

i 

n 

1 * 

n j 

| i 

1 n 

• 

i 

n 

1 000 

3.24 1 

— 15 

1.95 

-13 

1 .73 

-7 

1 07 

-15 

1 100 

4.09 

-13 

1.71 

-11 

3 31 

-6 

1 52 

-13 

1 200 

2.33 

-11 

7.21 

-10 

3 95 

— 5 

9.73 

-12 

1 300 

7.36 

-10 

1.73 

- 8 

3.27 

-4 

3.21 

-10 

1 400 

1.41 

- 8 

1 .23 

- 7 

2 03 

-3 

6.62 

- 9 

1 500 

1 91 

- 7 

2.89 

- 6 

1 00 

-2 

9.14 

- 8 

1 600 

1.89 

- 6 

2.44 

- 5 

4.06 

-2 

9.27 

- 7 

1 700 

1 38 

- 5 

1.51 

- 4 

1 40 

-1 

7 08 

- 6 

1 800 

8.32 

- 5 

7.94 

- 4 

4.28 

-1 

4.47 

- 5 

1 900 

4.14 

- 4 

3.61 

- 3 

1.164 

0 

2 28 

- 4 

2 000 

1.74 

- 3 

1.38 

- 2 

2 864 

0 

1 00 

- 3 

2 100 

6.61 

- 3 

4.62 

- 2 



3 93 

- 3 

2 200 

2.14 

- 2 

1 41 

- 1 



1 33 

- 2 

2 300 

6.58 

- 2 

3 92 

- 1 



4.07 

- 2 

2 400 

1.81 

- 1 

1.00 

0 



1 16 

— l 

2 ,500 

4.62 

- 1 

2.38 

oi 

1 



2.98 

- 1 


. ^ 

II 

5 

to 

j A 2 = 60.2 ! 

At = 3 

.0* 

At = 60 2 


b 2 = 51 300,1 

■*r 

II 

w 

7 200, 

b 2 = 30 500*! 

b 2 = 52 400 


T \ Bh ° Uld nf>t be uaed for com Puting the emission of Th on W at 

1 > 1600°K, approx ; tee Table 4. 

I able 3.— Electron Emission by W: Effect of Gases (l 9, 28) 

For effect of gas on other substances, see Table 1 / = A l T^e bl/r 
ampere/cm 2 ; A, = 0l X 10", 6, = fi x X 10*; P mm of Hg = 

hrPbCi 1 rn ^ C il. ® 


Gas 

P 

! fi x | 

71 

01 

v ncuum . . . 

0 00007 

1 62 

-2 

5.55 

n 2 

0.012 

2 .58 

+2 ; 

8 25 


0.007 

3.63 

9 

115 


0.0017 

3 67 

7 

10 5 


0 0005 

2 05 

3 

8.5 


Gas 


Table 2. — ( Continued ) 

P ^ 


n 


0 ,.. 

n 2 * 


0 002 


3.25 
1.05 
7 95 


4 

1 

-1 


9.43 

7.32 

6.82 


* Effect for Nj varies with anode voltage 


Iable 4. — Emission of Electrons by Thoriated W (8) 

V hen W containing Th is heated, there is evaporation of Th 
from the surface and a diffusion of Th from the interior to the 
surface ( see Table 5); the equilibrium condition is determined by 
the balancing of these two effects. If we write 9 = {b e - fe w ) / 

(5rh — 6 W ), where brh is the maximum value of 6 2 for thoriated W, 
and 6w and b e are, respectively, the values of b 2 for W and for the 
thoriated W under study, then 9 is, effectively, the fraction of the 
surface which is completely covered with Th. At temperatures 
above ca. 1G00°K, the equilibrium value of 9 is <1, and decreases 
as T increases (21). Kingdon (16,23) states b e = 31 2000 4- 
52 200(1 - 9) and A, = (7* + 60<*-*> - 1] ampere/(cm 2 deg 2 ). 
It - A 2 T 2 e ampere/cm 2 = i x 10 n ; b 2 = X 10*. 


0.924 
0.830 
0.723 
0.565 
0.440 
0.250 

* For T 


10 

0 ~455 
0.397 
0.318 
0.573 
0.890 
1.036 
1_199 

1900°K. 


02 
3 . 040 
3.213 
3.415 
3.657 
4 007 
4.284 
4.705 


10 

0.066 
1 613 
1.072 
2.775 
2.292 
3.804 
3.037 



Table 5. Diffusion and Evaporation of Elements 

Contained in W as Oxides (8) 

D cm 2 /sec = diffusivity; E atoms/(cm 2 sec) = rate of normal 
evaporation of the element from the surface of the W; H d g-cal = 

heat of diffusion = quantity of heat required to produce the diffu- 
sion of 1 g-atom of the diffusing material through the metal (here 

) in which it is contained. D = d X 10“ n ; E = e X 10 9 - 
Hd = h X 10 3 ; T = 2000°K. a u , 
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Table 5. — (Continued) 

7 




O 

Th* 

U.. 

Yt. 
Zr . 


95 

1450 

1 - " 

83 1 

5.9 

1.53 

94 

1.3 

>Th 

100 

1820 


62 

324 

68 

78 


' ' '•'O'* V *nu/ i , ium« o — 01.104 — 

44 600/ T. 

Table 6. — Thermionic Work Function (<*>): Calorimetric 

Determination 

= value by calorimeter, <fc> = value computed from 6, (from 
bi, in case of ( 40 )) ; same material for each. Unit of <t> = 1 volt - 
1.591 X 10" 1 * erg per electron. 


Elementary substances 


Material 

4>c 

0b 

Lit. | 

Oxides 


C 

4.55 


(24) 

Ba 

Ca 

1 Sr 

4>c 

Mo* 

Ob 

4.59 

4.7 


( 2 <) 

( 2 ) 

50 

25 

25 

f 2.39 

\ 2.54 

Pt 

Ta 

5.9 

4.51 


(38) 

(24) 

50 

0 

50 

f 1.97 
.12.28 

W 

4.52 

4.52 

( 4 ) 

(?) 

0 

(?) 

1.61 


4.48 


( 24 ) 

0 

100 

0 

3 22 




Lit. 


(40) 

(40) 

(*) 



• Effect of K n, Mo at 200°C (*•): A, 4 . - 4.76; H, + A. 4 . - 404 to 4.35; Nt, 
4. - 4.77 to 5.01. 



jctrop, emission data for fused gold, silver and copper above 
and below the melting point have been measured by Goeti (II). 
Values of A and b vary with the temperature. For a compre- 
hensive discussion of theory and data, see W. Schottky and H. 

Rothe, Physik der Gluhelehtroden, Handbuch der Experimental- 
physik, 13 II, Leipzig, 1928. 
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If the heat absorbed when one unit of electricity passes (1) 
from the free surface of conductor A to the free surface of conduc- 
tor B, in contact with A, is (2) acrotv* the junction from A to 
B - Pab; (3) from surface of A [B] to mtmity => P A8 (Pag); then 
*ab “ Pab ~ Pb8 +Pas* Let Kab = V± — V B = contact 
potential of A with reference to B; V A) . V B are the simultaneous 
potentials of A, B when in contact (*» ®). From thermodynamics, 
it follows that AKab/AT - -P^/T; for Fe and Ni this amounts 
to 0,000032 volt/degree at 50°C, while the experimental value for 
the range 20 to 60°C is 0.0010 volt/degree (*). The discrepancy 
is ascribed to the formation of a thin surface layer of oxide. 

The value of Kab may be deduced from data pertaining to the 
thermo- and photo-emission of electrons.' If I - current per unit 

area carried by the thermoelectrons, Kab = log, and if 
ATf-^/t-T (cf. n. MV I r.. =. + *5^ tog. 

. • a b 


If A is a universal constant (>*), Kab - 4>b - <t>A- 

If r 0 = threshold frequency for emission of photoelectrons, 
VrAa = retarding voltage — potential to which A must be raised 
above the anode in order to prevent the emission of photoelec- 
trons under action of radiation of frequency r, and K A « “ contact 
potential of A with reference to anode, then ( l2 » **) (VrAn d* 
KAa)t = h(* — v 0A ) and Kab = V r sn — VrAn + ('os — r«a)h/® 
= V, Ba — V r An + (<t>B — this equation is confirmed by 

experiments (®, >»). Millikan ( 1 «) cal (V rB n - V rA n) the 
“spurious” and (roa — v 0i i)h/e the “intrinsic^ contact potential. 
For clean metals V rBa = V rA n; for others the equality may fad 
( ,s ). Comparing this expression for K AB with that derived^from 

therm oelectronic data, it is obvious that V rB n — VrAn — ■*“ 
eo » if $ denotes the same quantity in each case ( ,# ). 


CONTACT POTENTIALS 


r>7 


Many of the following data are not very reliable, but those 
obtained under similar conditions probably indicate the correct 
order of the conductors in a Volta series. 

Table 1. — Values of the Work Function (<f>) as Derived 
from the Wave-length Limit (X 0 ) of the Photoelec- 
tric Effect: Illustrative Data 

Values for other substances may be derived from the photo- 
electric data on pages 67-69. 

*»c - - - k 0 T , A A 

log. — T 4>b 


; KaB =* VfBa — X rAo + <t>B — <t>A = 


* = «Xo' ' — ' 1 ™ ™ “ e Ab 

— 4>a where A a and Ab have the values derived from thermal elec- 
tron emission data, p. 53. For clean surfaces, Kab - 4>b — <£a- 
“ 4.117 X lO -1 * (volt sec); = 12 344 (volt Angstrom). 
Unit of Xo * 1 k — 10 8 cm — 10 Vi of 0 = 1 volt = 10 8 cgsm 
unit * 3.33 X 10“ 3 cgse unit. 


Conductor 

Xo 

Lit. 


Conductor 

1 Xo 

Lit. 

Li 

5263 

( l4 ) 

2 35 

Pt. 

2570 

(U) 

Na 

5770 

(•) 

2.14 


2910 

(19) 


to 


to 


2960 

(21) 


5830 


2 12 

Ta 

3283 

(21) 


6800 

(13) 

1.82 

W 

2200 

( 7 ) 


4860 

( ll ) 

2.54 


3062 

(21) 





BaO, SrO* 

2860 f 

( ll ) 






3800J 

( ll ) 


<t> 


4.80 
4 24 
4 17 
76 
61 
03 
31 


3 
5 

4 
4 


3.24 


Table 2. — Contact Potential Deduced from Thermal 

Emission of Electrons 

Data for other pairt of conductors may be' computed from the 


data on pages 55-56, by the relation Kab = <t>B — 4>a + 


kS 


1 ^ A 

l0g -I? 

V A - F*. 


All data from ( 22 ) refer to metals in vacuum. Kab = 

1 volt. 


A 

; b 

Kab 

Lit. 

Al... 

c 

+0 87 

(**) 

C 

C-black* 

-0.24 

(22) 

c 

Fe 

-0 02 

(22) 

C-black* 

W 

+0.36 

(22) 

Fe 

W 

0 00 

(22) 

W 

Zn 

-0 51 

(22) 

Wbot 

CUoold 

t 

(20) 

Ptfeot 

Ptcold 

+0 16t 

(20) 

Th Wa*} 

WooJd 

+0.71 

.( 20 ) 


t Preaenoe of Hi make* W more positive; Hg vapor has no effect. 

X In Hi, presaure - 0.112 mm of Hg; temp, of Pt ** - 1460°K. 

\ Th W - Thoriuted W. 

Table 3. — Contact Potential of Metals with Brass: 
Condenser Method; Room Temperature 

Values tabulated are the differences Fn^uj — Ft,™*. columns 
(D, (2), (3); metal in vacuum; (1) surface freshly scraped; (2) 
four days after scraping; (3) before scraping. Column (4) metal 
in air at atmospheric pressure; (5) in air at pressure of 0.0001 mm; 
(6) highest value obtained after heating to high temperature in 
vaouum; (7) in air at atmospheric pressure; (8) in air at room 
temperature and atmospheric pressure. Unit of potential = 1 
volt » 1 Q» cgsm u nit * 3.33 X 10" 3 cgse unit. 

JVl eU 1 | (!) | | j — j ~ 

Xg 


(6) 


(7) 


(8) 


A1 

Au 

Bi 

Cu 

Fe 


+0.06 

0 

-0.097 



1 

-0.35 

+ 1.04 

+0.874 

+0.293 

+0. 19* 
-0 23 

+0.20* 

-0.22 

it 

ns 

• 

-0 33 
+0.07 

+0.10 

+0.24 

-0.110 

+0.102 

-0. 106 
+0.053 

-0 04* 

-0.04* 

+0.44* 

-0.15 

0 oot 


-0.286 

+0.670 

-0.269 

-0.164 

+0.040 


Table 3. — (Continued) 


Metal 

1 (I) 

1 (2) 

1 (3) 

| (4) 

1 (5) 

(61 

(7) 

' <8/ 

Mg 

+ 1.47 

+0.713 

+0.825 



I 



Ni 




+0. 16 

+0. 18 

+ 0.47 

+0.09 


Pb 







+0 11 

; + 0 396 

Pt 



• 

-0.30* 

-0.28* 

-0.23* 

- 0 32 

-0.364 

Sb 







+0 J 5 


Sn 

+0.32 

+0.317 

+0.216 





+0.318 

Zn 

+0.64 

+0.496 

+0.193 

-0.5961 



+ 0 43* 

+ 0 608 

Brass 

+ 0.26 

+0.228 

-0. 123 






Lit 

(•) 

(•) 

(•) 


(*•) 

(26, 

(16, 

(»; 


t One hr after polishing; 1 week after polishing found -0 543; both surfaces 
polished (* s ). 

Table 4. Contact Potential (A) of Metals with Platinum 

(19) 

A' = Fmetai ~ F Pt ; unit = 1 volt = 10 a cgsm unit = 3.33 X 10" 3 

cgse unit 


Metal 

Al 

Bi Cu 

Mg 

Na . 

Sn 

Zn 

A' 

1.20 

0.35 1 0 13 

1 05 

2.40 , 

0 62 i 

0 90 


Table 5. — Contact Potentials of Miscellaneous Pairs of 
Conductors: Condenser Method; Room Temperature 
For metals with brass, see Table 3; K A b = V a - V» 


I 


B I K 


AB 


Al*.. 

Ai*. . 

Fe*.. 

CuO* 

CuO* 
Cd§.. 
Hg§. . 
Hg§. . 
Bi 


+0.87 
+0.29 
-0 60 
-1.52 

-l.llt 

-2.52 
- 0.22 
-0.26 
+0.17 


Lit. | A 

B 

1 Kab 

Lit. 

(<) 

Pt 

Zn || 

ll 

i ( l0 ) 

( 4 ) 

K 

Pt 

+ 2.8 

| ( 2S ) 

( 4 ) 

c + NH,f . 

Cu 

+0 079 

, ( 24 ) 

(14) 

C + H,f . . 

Cu 

+0 096 

(24) 

O 4 ) 

C + N,H. . 

Cu 

+0.129 

(24) 

( ,4 ) 

c + CO2II. 

Cu 

+0 130 

(24) 

( 17 ) 

c + NOfl . 

Cu 

+0.136 

(24) 

( 17 ) 

c + o,n . . 

Cu 

+0.142 

(24) 

( ,7 ) 
(»*) 1 

c + 04.. 

• 

Cu 

+0.155 

(24) 


Fe 
Zn 
Zn 
Li 

Na 

Hg 
Sb 
Zn 
Pt 

• In vacuum. 

■ — ▼ • 

8 Initial value in dry air. pressure - 0.66 mm Hg. K AB varies with the time. 
Author also give* data for moist air, Hi and COi. 

[| Distilled in vacuum; initially Kab i» low. trace* of air cause the Bi and Zn to 
become more positive; after passing a maximum, an equilibrium value is 
approached. *|J Coconut charcoal saturated with the gas indicated. 

Table 6.— Signs of Charges Acquired by Dielectrics in 
Contact with Hg and with Amalgams (3) 

Surfaces in high vacuum 

Dielectric 

Amber 

Diamond, C 

Ebonite 

K-glass 

Na-glass 

Sealing wax 

Quartz, SiO* 


1 Hg 

Ag-Hg 

Na-Hg 

Zn-Hg 


— 

+ 

+ 

— 

— 

— 

— 

— 

— 

+ 

+ . 

— — 


+ 

— 

— 

— 

+ 

+ 

■ 

— 

+ 

+ 

— 

— 

+ 

+ 
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CURRENT FLOW IN VACUUM TUBES WITH 
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In what follows it is assumed that the emission of electrons (or 
ions) from the cathode {see p. 53) is so ample that the current 
through the tube is not limited by it. 

Diodes.— If the carriers are emitted with velocity *= 0, then in 
all cases t *= KG I ,* A , where tjic value of KG depends only upon 
the construction of the tube and upon the system of units 
.employed. K depends upon e/m and G upon certain ratios 
determined by the geometrical configuration of the conductors in 
the tube; G is dimensionless. Except in certain ideal cases, KG is 
treated as a single quantity and is denoted by k {see Table 3). 

Triodes (to* **). If the carriers are emitted with velocity = 0, 
and if there is no magnetic field, i(~ i p + i $ ) * k{E p + nE,) 1 -*, 
approximately, sec (*°); k has the same value as for the corre- 
sponding diode; M depends solely upon the geometrical configur- 
ation of the conductors in the tube (*» «. »7, 20), but by varying 
the size of the grid mesh, it can be given any desired value. The 
mutual conductance {g m ) is a function of ip, but for a given value 
of ip, it is nearly independent of size of grid mesh. It is roughly 
proportional to length of cathode filament and inversely pro- 
portional to distance between grid and filament {see Table 4). 

Tubes with Four Electrodes. — Space-charge grid tubes have the 
second grid next to the filament; the presence of this grid multiplies 
g m by approximately 4, but the other constants remain the same as 
for the corresponding triode (21). Screen-grid tubes have tho 
second grid between grid and plate. If screening is perfect, i, 
is a function of E g only, and the value of g m is only about as 
great as in the corresDondine triode (7. 


SYMBOLS 


A 

c 

cgse 

cgsm 

csva 


caVA 


Area of one side of a plate electrode 
Velocity of light in vacuo. 

Cgs electrostatic system of units. 

Cgs electromagnetic system of units. 

Cm -sec -volt -ampere system of units, absolute volt and 
ampere. * 

Cm-sec-volt-amper© system of units, internatidhal volt 
and ampere. • 

Bp, E 0 Potential of plate, grid, above that of cathode. 

® Negative electronic charge. 

9 Negative charge of the carrier of electricity (electron or 

ion). 

Geometrical factor of k. 

Mutual conductance of plate and grid, g m - -0i p /dE a , E p 
being constant. 

Strength of magnetic field externally applied parallel to 
axis of cylindrical electrodes. 

/ Current flowing through the inner cylindrical electrode 

parallel to its axis 

i, ip, i f Current to cathode: Total, from plate, from grid; » * 

ip + V ’ 

K Physical factor of k. 

• In «va ■yttero, unit of mu* u 10» g; required by relation eV - In 

0 *V A syctem, unit of masi i* * 


G 

y- 

H 


ko 

k 

l 

M 

m 

m 0 

Tat r t » 


Of 


r, 


R 


Boltzmann gas constant. 

Space charge constant characteristic of the tube; k - KO. 

Length of cylindrical electrode. 

Molecular . weight of the carrier ions. 

Mass of the carrier of electricity (electron or ion). 

Mass of negative electron at low velocity. 

Radius of anode, cathode. 

Radius of outer, inner, of two coaxial cylinders, or of two 
concentric spheres. 

Plate resistance; R p = 1 /{&i P /SE p ) t E, being constant. 

Absolute temperature of the carriers of electricity, °K. 
For thermionic carriers, T ® temperature of cathode 
( 3 ); for electrons from low pressure ares, T is nearly 
independent of current density, but depends upon the 
nature and pressure of the gas, and ranges from 10 000 
to 50 000°K (i*). 

Excess of potential above that of cathode. 

Minimum value of V in space between anode and cathode. 

Potential of anode above that of cathode. 

Velocity of carrier. 

Initial velocity of carrier. 

Distance from cathode in direction of anode. 

Value of x corresponding to V m . 

Distance between anode and cathode. 

Functions of r„/r<. 

Dielectric constant of a vacuum. Tn cgse system, « - 1» 
in cgsm, e =» c~*; in csva, < « (10)*c“ f ; in csVA, 0 * 
1.00052(10)*c”*. 

Amplification factor; m “ —dE p /dE t , i p being constant. 


Table 1. — Ideal Diodes 

K t — value of K if carriers are electrons; K » K,\/ emofint “ 
K'\/ e/(1847Afe). || Platen, Coax. Cyl., Con. Sph. * parallel 

plates, coaxial cylinders, concentric spheres. General formulae 
are valid for any consistent system of units; a numerical value is 
valid only for the indicated system of units. 


r 

V m 

V* 

V 

V . 

X 

Xm 

X a 

a 2 , d 1 

t 


Electrodes 


G 


Magnetic field 


Plates 


Coax. cyl.. . 
Con. sph. . . 


A 

xl 

l* 

rj)' 

1? 




I ^ W ww w 

Magnetic field » 0, has a 

|| Plates.. . 


3.643 


22.89 +714.71 


-6 


(*, M>) 

(if, IS) 


-61 (t<) 


Coax. cyl. 


45.78 J+7|29.42 
Maxwellian distribution (**) 
i - GK( V. - (l + Cy[f), where * 

same value as for v t - 0, Q A/(x a — x m )\ and 
r - 2.66 If e - «, then C = 0.001426 
cgse 0.0247 csVA. 

Magnetic field ** 0, tv — 0 „ , 

i - GKV ; » if V . > V; i - 0, if V. < V. G and 

K have same values as for field 

+2/’(log/")’J In tho esVA a.vatcm, 

l" = 0.0221 Hh-l + 0.0188/’ (log,. if carrier* 

are negative electrons. 


o; r ” « 


* For value* nl a* and ter Table 2. 
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Table 2. — Values of Coefficients a 1 and 0* 


For coaxial cylinders, G - l /(r a 0*); for concentric spheres, G = 

1/a* ( see Table 1) 


Cathode, 

Inside 

Outside 

Inside 

Outside 

rjri 

( 

*«) 

( l3 ) 

i.i 

0.0086 

0.0096 ! 

0.0001 

0.01 

1.5 

0.1302 

0.2118 

0.1193 

0.228 

2.0 . 

0.326 

0.750 

0 . 2793 

0.845 

3.0 

0 .‘669 

2.512 

0.5170 

2.98 

4.0 

0.934 

4.968 

0.6671 

6.06 

5.0 

1.141 

7.98 

0.7666 

9.89 

10 

1.777 

29.2 

0.9782 

37.0 

20 

2.378 

93.2 

1.0715 

115.6 

50 

3 120 

395 

1.0936 

450.2 

100 

3 652 

1 144 

1 . 0782 

1 175 

200 

4.166 

3 270 

1.0562 

2 946 

500 

4 . 829 

13 015 

1.0307 

9 502 

1 000 

5 328 

• 

1.0171 


00 



1 . 0000 



Table 3. — Characteristics of Typical Commercial Diodes 

( 6 ) 

In all cases i = kV l a mt ( 9 ). The tubes are so constructed that, 
for the size of anode used, k is as great as is now (Jan., 1927) con- 
sidered practical. The values are for American tubes, but do not 
differ appreciably from those for similar tubes constructed else- 
where. i/ t E/ = filament current, voltage; E m = maximum 
effective A.C. input voltage; i m = maximum rectified tube current; 
P n = nominal power rating; ThW, PW = thoriated tungsten, 
pure tungsten, filament. Unit of i f and i m = 1 ampere; of E/ 
and E m = 1 volt; of P n = 1 kilowatt; of k = 0.0001 ampere/volt 1 5 . 


Type 

• 

V 

E f 

E m 

im 

Pn 

k 

ThW. 

1.25 

7.5 

550 

0.065 

0 0075 

1.2 

ThW 

3 25 

10 

1 500 

0.20 

0.050 

1.7 

ThW 

3.85 

11 

2 500 

0.25 

0.250 

1.1 

PW r 

14.7 

11 

16 000 

0.166 

1 00 

0.5 

PW 

24 5 

22 

17 500 

0.833 

5 00 

1.0 

PW 

52 

22 

18 000 

3.0 

20.00 

1.1 

PW 

10 

10 

20 000 

0.10 


0.10 

PW 

10 

10 

85 000 

0.10 


Oil 

P W 

32 

9 

75 000 

0.25 


0.25 

PW’ 

10 

10 

150 000 

0.100 


0.11 

PW 

32 

12 5 

150 000 

0.25 


0.11 


Table 4. — Characteristics of Typical Commercial Triodes 

The following data for American tubes differ but little from those for corresponding tubes manufactured elsewhere. Ox, ThW; 
- oxide coated, thoriated tungsten, pure tungsten filaments; i, = filament current, E, filament voltage; E p = normal plate voltage,' 
- overall length, diameter, of tube; P a =* safe continuous energy dissipation at anode; P 0 = rated power output; E B} i p = grid 
voltage, plate current, for normal operation as amplifier. Unit of i, = J ampere; of i p = 0.001 ampere; of E p , E g = 1 volt- of L 
D *■ 1 cm, of P a , P • = 1 kilowatt; of g m = 0.001 mho — 0.001 ohm“*. u is dimensionless. 

Standard American Triodes ( 18 » *®) 


PW 
L } D 


Type ; 

• 

V 

Ej 

L 

D 

R.C.A. 

name 

E r 

Ox 

0.25 

1.1 

o 

3.0 

W'Dll 

90 

Ox 

0.25 

5.0 

m 

4 6 

UX112-A 

135 

ThW 1 

0.06 

3.0 

E3 

3.0 

*UX199 

90 

ThW’ 

0 125 

3.0 

10 

3.0 

UX120 

135 

ThW 

0.50 

5.0 

12 

4.6 

UX171 

180 







135 

ThW 

0.25 

5.0 

12 

4.6 

UX201-A 

135 







90 

ThW 

0.25 

5.0 

12 

4.6 

UX240 

135 

ThW 

1.25 

7.5 

14 

5.5 

UX210 

425 

ThW 

3 25 

10 

20 

5.4 

UV203-A 

1 000 

ThW 

3 85 

11 

36 

10 

UV204-A 

2 000 

ThW 

15.5 

11 

45 

15 

UV851 

2 000 

PW 

14 75 

11 

40 

12.5 

UV206 

15 000 

PW 

ritir 

24 5 

22 

57 

15 

UV208 

15 000 

PW 

52 

22 


11 

UV207 

15 000 


E, 

ip 

Qm 

* 

Pa 

Pa 

- 4.5 

2.5 

0 425 

6.6 



- 9 

10.0 

1.70 

8.0 



- 4 5 

2 5 

0 425 

6.6 



- 22 5 

6.5 

0.500 

3 3 



- 40.5 

20 

1.500 

3.0 



- 27 

17 

1 360 

3.0 



- 9 

3.0 

0.800 

8.0 



- 4.5 

2.5 

0 725 

8.0 



- 1.5 

0.20 

0 200 

30.0 



- 35 

1 20 

1.500' 

7 1 



0 

120 

5 

25 

0 10 

0 . 075 

0 

300 

5 

25 

0 25 

0 25 

- 60 

350 

15 

20 

0.750 

1 

0 

54 

1.9 

325 

0.35 

1 

0 ! 

195 

3 2 

240 

1.0 

5 

-475 

400 1 

4 5 

20 

10 

1 20 
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EMISSION OF SECONDARY ELECTRONS 

H. E. Farnsworth 


Matures 

Svmboles. 

Emission excite© par le choc 
des Electrons. 


Inhaltsvebzeichnis 

Symbole. 

Durch Elektronenstoss erregte 
Emission. 
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Symbols. 

Emission excited by impact of 
electrons. 

Retarding potential differ- 
ence required to annul a 
velocity. 

Transmission and absorp- 
tion. 


DifF6rence de potentiel re- 
tardateur ndcessaire pour 
annuler une vitesse. 

Transmission et absorption. 


Verzdgemde Potential- Dif- 
ferenz, die erforderlich 
ist, um eine Geschwin- 
digkeit aufzuheben. 

Durchdringung und Ab- 
sorption. 


Indice P a0B 
Simboli 60 


Emissione eccitata per 
mezzo di urto di elet- 
troni. 

Differenza di potenriale 
ritardatrice necessaria 
per annullaro una 

velocity 61 

Trasmissione e assor bi- 
men to 61 


Mass absorption coefficient 
and its variation with 
velocity. 


Coefficient d’absorption de 
masse et sa variation 
avec la vitesse. 


Mass absorption coeffi- 
cients relative to air. 

Velocity of transmitted 
electrons. 

Decrease in number and 
in velocity of electrons 
during transmission 
through Al. 


Coefficients d’absorption 
de masse relatifs k 1’air. 

V £loci t6 des Electrons trans- 
mis. 

Diminution en nombre et 
en vitesse des Electrons 
durant la transmission 
k t ravers Al. 


Variation of transmission 
with primary velocity 


Variation de la trans- 
mission avec la vitesse 
primaire. 


Distribution des vitesses : 
Electrons transmis. 

Reflexion des Electrons: dis- 
tribution angulaire, etc. 

Emission k partir des gaz. 
Emission & partir des solides 
et des liquides. 

Vitesses des Electrons se- 
condaires. 

Emission excitfe par le choc 
d’ions positifs. 

The electrons and positive ions incident upon the substance 
under consideration are designated as ‘‘primary;” those leaving 
rt, aa secondary." Generally the secondary electrons which 
result from impact of electrons are of two distinct classes: (a) 
those which have velocities of the same order as that of the pri- 
maries, and ( b ) those with much smaller velocities. The former 
are regarded as primary electrons which have been reflected 

[transmitted] by the substance; the latter, as electrons which 
originated in the substance. 

SYMBOLS 

See also Vol. I, p. 16 
c Velocity of light, 

d Density. 

V Number of secondary electrons per primary electron 

or -fion. 

n Number of secondary electrons. 


Distribution of velocities: 
transmitted electrons. 

Reflection of electrons: angu- 
lar distribution, etc. 

Emission from gases. 

Emission from solids and 
liquids. 

Velocities of secondary elec- 
trons. 

Emission excited by impact of 
itive ions. 


f.tKl 


Massenabsorptionskoeffizi- 
ent und seine Anderung 
mit der Geschwindigkeit. 

Massenabsorptionakeffi zi- 
ent bezogen auf Luft. 

Geschwindigkeit durchge- 
drungener Elektronen. 

Abnahme der Zahl und der 
Geschwindigkeit der 
Elektronen wahrend des 
Durchganges durch 

A!. 

Anderung des Durchdrin- 
gungsvermogens mit der 
Prim&rgcschwindigkeit. 

G e 8 c h w i n di g k eitsvertei- 
lung: Durchgedningene 
Elektronen. 

Reflexion der Elektronen: 

Winkelverteilung, u.s.w. 

Emission aus Gasen. 

Emission aus festen und 

fltissigen Stoffen. 
Geschwindigkeit sekund&rer 

Elektronen. 

Emission, hervorgerufen durch 
das Auftreffen positiver 
lonen. 


Coefficiente di 
mento di massa e 
sua variazione con 

la velocity 61 

Coefficiente di assor- 
bimento di massa 

per l'aria 61 

Velocity degli elettroni 

trasmessi 61 

Diminuzione di nu- 
mero e di velocity 
degli elettroni duran- 
te la trasmissione at- 

tra verso Al 62 

Variazione della tras- 
missione in funii- 
one della velocity 

primaria 62 

Distribuzione delle ve- 
locity: elettroni tras- 
messi 62 

Rifles8ione di elettroni: 
distribuzione angola re, 

ecc 62 

Emissione dai gas 63 

Emissione da solidj e da 

liquidi 63 

Velocity di elettroni 

8econdari 64 

Smissione eccitata per urto 
di ioni positivi 64 


V„ V 


•p* v »i 


r, v p , v M 

A 

So 

r 

0 


Subscripts of 

/ 

8 

t 

P 

m 


Retarding potential difference required to stop an 
electron which has the velocity v , i>, v M . 

Velocity of the electrons, of the primary electrons, 
of electrons at point x. 

v p - v £ . 

KiV,)* - (tf,)ol/(JV,)#. 

Thickness. 

Angle of incidence. 

Angle of emergence; like 0, is measured from the 
normal. 

special significance 

Fast electrons, velocity of same order as v p . 

Slow electrons, velocity much less than v p . 

Total electrons of all velocities. 

Primary electrons. 

Electrons from 1st [2nd] surface of thin film; the 
1st surface is the surface of incidence. 
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Table 1. — Retarding Potential Difference Required to 
Bring an Electron to Rest: Einstein’s Relation 

v — initial velocity of the electron, V v = potential difference 
required to reduce the velocity from v to 0. Einstein’s relation is 

V. - ( - 7 r - 1 \ ; 300m oC*/® - 5.08 X 10‘volt 

« \Vl - (»/c)* / 

V, - A X 10*; V\ » B X 10* 

Unit of V, =• 1 volt. 


o/t 

V 9 

K 

v/c 

v 9 

VI 

A 

n | 

B I 

n 

A 

n 

B 

n 


0 


0 

0 

0.30 

2.45 

4 

6.00 

8 


6.4 

o 

4.0 

1 

0.35 

3.43 

4 

1.18 

9 


9.1 

0 

8.4 

1 

0.40 

4.63 

4 

2.14 

9 

0.010 

2.54 

11 

6.4 

2 

0.45 

6.08 

4 

3.70 

STii 

rr*SfiB > Ra 

0.015 

5.7 

H 

3.24 

3 

0.50 

7.86 

4 

6.18 

9 

■'W'/ >1 

1.02 

2 

1.03 

4 

0.55 

1 00 

5 

1.01 

10 

0.026 

1.58 

2 

2.61 

4 

0.60 

1.27 

5 

1.61 

10 

0.03 

2.29 

2 

5.24 

4 

0.65 

1.60 

5 

2.56 

10 

0.04 

4.07 

2 

1.66 

5 

0.70 

2.03 

5 

4.12 

10 

0.06 

6.36 

2 

4.04 

5 

0.75 

2.60 

5 

6.76 

10 

0.07 

1.25 

3 

1.56 


0.80 

3.39 

5 

1.15 

11 

0.10 

2.56 

O 

6.55 

6 

0.85 

4.56 

5 

2.08 

11 

0.16 

5.82 

Q 

3.39 

• 7 

0.90 

6.57 

5 

4.32 

11 

0.20 

1.05 

u 

1.10 

8 

0.95 

1.12 

6 

1.46 

n 

0.26 

1.66 

□ 

2.77 

8 

0.99 

3 09 

6 

9.56 

i 


TRANSMISSION AND ABSORPTION OF PRIMARY 

ELECTRONS 

During transmission, the beam of primary electrons is more or 
letts scattered. If v 9 is great and the film of substance is thin, 
the scattering may be negligible; it increases with the thickness 
(r) and ultimately the electrons emerging from the second surface 
are distributed as cos ( 66 » * 4 ). The thickness at which this 
first occurs increases with v p and as the atomic weight decreases; 
if v p /t wm 0.48 to 0.69 it is 0.016 cm for Ai and 0.0002 cm for Au 
(* 4 ). 

If primary electrons are incident at all angles, then, for an 
area which is far from the edges of the surface, N/ t * e~ <MT , where 
a is independent of r if r and v p /c are small (•*» •*); if e « 0, 
a is independent of r if e p /c < 0.4 (**); a varies with v 9 ( see 
Table 2) and the velocity of the electrons decreases as they pene- 
trate the substance (e/. Table 4), hence a is independent of r 
only if r is so small that the resulting change in velocity is negli- 
gible. To obtain N/ t for a thicker specimen, imagine the specimen 
to be built up of a series of very thin layers and compute the 
effect of each of these, taking into account the change of v p from 
layer to layer. In this computation, the “most probable velocity ” 
ib used. If the initial beam is diffuse (electrons incident in all 
directions) or if the initial velocity is so low that the beam has 
become diffuse in a small part of the distance traversed, the 
velocity may be obtained from Tables 4 and 5. If the incidence 
is normal and not diffuse, the change in v p from layer to layer may 
be obtained by solving the equation V\ — = kdr (Table 4) 

^ or y*r and obtaining the corresponding v from Table 1. 

tor « 0.87c, a/d varies from ca. 6 to 14 cm’/g, and for many 
substances — 7 cm*/g (tj. Table 3). Other things being the 
8ame » a/d is generally greater for a solid than for a liquid ('). 

Table 2. — Mass Absorption Coefficient ( a / d ) and Its 
Variation with Velocity (r p ) or Primary Electrons 

(c/. Table 6) 

F ° r A, Br, f Cl,, H„ He, N,, O,, CO,, CH«, C,H«, NH, and SO,, 
at 0° and 1 A n and for r p « 0.35c, a = 0.078a MR cnr>, where M 
" molecular weight ( l4 ). For many metals, a/d = a + bZ for 
the d-rays from RsD and RaE (v p ~ 0.77c); Z « atomic num- 


ber, a and b are constants ( 3 *i ••). For certain gases, a passes 
through a maximum at the velocity corresponding to V vp = 

( see 2nd section of this table). 

Lenard’s data ( 6I » 62 ) refer to diffuse, and Terrill’s (®2) to 
normal, incidence. If a * [ay] * value of a for diffuse [for normal] 
incidence, ay = Uay; at low velocities, U is practically unity; for 
values of U at higher velocities, see Lenard ( 61 ). Unit of a/d = 
1 craVg; of = 1 volt; a/d * A X 10* 

(I) Air and Al * 


V p /c 

A 

n | 

Lit. 

Pp/C 

A 

n 

Lit. 

0.00 

2.0 

7 

(61, 62) 

0.35 

1.4 

3 


0.01 

1.8 

7 

/ 

(61. 62) 

0 36 

7.4 

2 

(92) 

0.02 

1.3 

7 

(61, 62) 

0.38 

6.1 

2 

(92) 

0.03 

8.6 

6 

(61,62) 

0.40 

4.9 

2 

(92) 

0.04 

5.8 

6 

(61, 62) 

0 40 

7.4 

2 

(61,62) 

0.06 

2.5 

6 

(61, 62) 

0.41 

4.4 

2 

(92) 

0.08 

1.4 

6 

(61,62) 

0 45 

4.0 

2 

(61,62) 

0.10 

8 

5 

(61, 62) 

0 50 

2.2 

2 

(61,62) 

0.15 

1.5 

5 

(61,62) 

0.55 

1.3 

2 

(61,62) 

0.20 

3.6 

4 

(61,62) 

0.60 

8.3 

1 

(61,62) 

0.25 

8.6 

3 

(61, 62) 

0.65 

4.9 

1 

(61, 62) 

0.27 

2.29 

3 

(92) 

0.70 

2.9 

1 

(61 62) 

0.28 

1.99 

3 

(92) 

0.75 

1.9 

1 

(61,62) 

• 0.30 

2.9 

3 

(61,62) 

0.80 

1.3 • 

1 

(61, 62) 

0.32 

1.17 

3 

(92) 

0.85 

9 

0 

(61, 62) 

0.34 

0 35 , 

9.2 

8.2 

O 

A* 

2 

(92) 

(92) 

0.90 

6 * 

0 

(61, 62) 


(II) Velocity of Maximum Absorption 


Gas 

V~a 1 

Ut. 

Gas 

Vr*a 

| Ut. 

Air 


(61, 62) 

He 

4 

(.8) 

A 

12 

(18) 

i 

3.6 

(70) 


12.4 

(78) 

Hgt 

0 

(17,71) 


13.2 

(76) 

Kr 

11.3 

(78) 

CH« 

7.5 

(18) 

N, 

18 

(**) 

CO 

18 

(18) 

Ne 

22 

(76) 

Cdf 


(17,71) 

Xe 

6.4 

(78) 

H, 


(18) 

Zn f 

0 

(17) 


* For Al, a/d - 7.0 cm*/g if r, - 0.87c. f Vapor. 


Table 3. — Mass Absorption Coefficient Relative to Air 

R * (a/d)/(a/d) m . i,; for (a/d) air , see Table 2 


Substance R 

Vp/C 

Lit. 

| Substance 

R 

Vp/C 

A 

0.82 

0 35 

( 14 ) 

I, 

2.36 

0.92 

Al 

1 .00 

0.87 

(61) 

Nr 

1.03 

0v35 

Br, 

1.56 

0 50 

(85) 

Or 

0.93 

0 35 


1.86 

0 92 

(34) 

Pt 

1.94 

0.87 

ci. 

1.23 

0 50 

(85) 

Sn 

1.57 

0 87 


1.33 

0 92 

(34) 

CO, 

1.00 

0.35 

Cu 

1.40 

0.87 

(61) 

CH< 

1.44 

0.35 

Hr * 

1.73 

0 35 

(*«) 

C,H« 

1.22 

0.35 

He 

0.72 

0 35 

(") 

NH, 

1.33 

0.35 

Ij 

1 .86 

0 50 

(85) 

SO, 

1 01 

O 35 


(“) 

( I4 ) 

( ,4 ) 

( 61 ) 

(61) 

( l4 ) 

( 14 ) 

( ,4 ) 

( ,4 ) 

( l4 ) 


Table 4. Most Probable* Velocity of Transmitted 

Electrons 


If tv = most probable* velocity of the electrons transmitted by 
a sheet of thickness r when the incident electrons have the velocity 
v i' ftn d are diffuse (incident at all angles) and At = v — v then 
A, rt vanes with r p (see Tables 2, 5) and with the transmitting 
substance. For normal incidence, — V\ r = kdr ; if v /c = 
0.30 to 0.42, k = 0.40 X 10 12 volt 1 cm 1 g -1 for Al, Ag, Au, -Be 
and Cu (•>); k decreases from 0.215 X 10 11 for Al to 0 105 X 
10,7 for Au in the ord er Al. Sn, Cu, Ag, air, Pt, Au (*7). 
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first (51) appears the more reliable. If v p /c = 0.15 to 0.22, k = 
0.189 X 10 12 for A1 and 0.171 X 10 1 * for Ni (53). 

From the value of A, for A1 (Table 5) the value for the same 
thickness of another metal M is given by (A r /d) M - Fui&r/d)^ 

d/n =* 2.7 g/cm 3 . The following values of F M (61) are approxi- 
mate only: 


Table 5. — ( Continued ) 


Metal 


Ag 

Al. 

Au 


Cd 

Cu 

Fe 

Ni 

Pb 

Pt 

Sn 


Zn 


v/c 
0 9 

See Table 5 
0.1 to 0.3 
0.9 
0.9 

0 6 to 0 “ 
0 9 

0.3 to 0 4 

09 

0.9 

0 6 to 0.7 
0.9 

0 3 to 0 4 
0 6 to 0 7 
0.9 
0 9 


M 


Lit. 


2.4 



0 5 
3 2 
24 
0.9 
1.7 
0.5 
1.7 
3 2 
0.7 
3.2 

0 5 
0 8 
2.4 

1 7 


(13) 

( 6, » 

! 3 

(13; 

(*) 

(13) 

(« 1 ) 

(13) 

(13) 

(•) 

( l3 ) 

(61) 

(») 

( ,3 ) 

(13) 


57) 


* If 2(Nt - number of the AT , electrons which have velocities lying between 

t - 6v and . + it. then the value of » for which (N ,)» is a maximum is called the 
most probable velocity.” 

Table 5.— Decrease in Number and in Most Probable* 
\elocity ( v ) of Electrons during Transmission 

THROUGH Al (61, 62) 

Recent results (16) for vjc * 0.32 and 0.41 agree with these 
older data, see also Table 6. Thickness of Al = Af mm; A f n =*» 
i X 10". 


/ - 1 


0.1 


0 

0 

1 

1 

2 

2 

3 

3 

4 
4 

4 

5 
5 
5 
5 


5 

0 

5 

0 

5 

0 

5 

0 

5 

75 

00 

25 

.50 

.75 


6.00 
6 25 
6 40 


V/c 

• 

i 

n 

v/c 

0.990 

,1.00 


0.800 

0.988 

9.17 

1 

0.787 

0.980 

8.30 

T 

0.773 

0.984 

7.40 

I 

0.758 

0 982 

6.50 

1 

0.742 

0.979 

5.57 

l 

0.723 

0.974 

4.68 

1 

0.700 

0.968 

3.80 

1 

0.673 

0 958 

2 87 

1 

0.640 

0.946 

2.00 

l 

0.600 

0.938 

1.57 

1 

0.578 

0.927. 

1.21 

l 

0.551 

0.911 

8.88 

2 

0 520 

0.892 

6.04 

2 

0.483 

0.862 

3.62 

2 

0 137 

0.820 

1.90 

2 


0.760 


3 


0.711 


3 



W 

t 

1 00 
8.33 
6.77 
5.40 
4.17 
3.09 
2.13 
1.36 
7.55 
3.19 
1.82 
8.76 
3.09 
6 37 
4.8 


0 

1 

1 

1 

1 

1 

1 

1 

2 

2 

•. 2 

3 

* 2 

4 

5 


• See footnote of Table 4. 


A 

/ - 0.01 


o/c | 

• 

t 

n 

v/c 

• 

X 

n 

0 

0 450 

1.00 

0 

0.300 

1.00 


mltT’lfi 


7.38 

1 


7.87 

1 


0.440 

5.33 

1 


6.22 

I 



3 57 

1 


4.78 

I 


0.429 

2.45 

I 

0.293 

3.64 

l 

1 25 


1.69 

1 


2 74 

T 


0.418 

1.09 

1 


2 03 

1 

1 75 


6.65 

5 


1.48 

I 


/ » 0.01 


2.00 

0.406 

> , 

3.94 

2.25 


2.21 

2.50 

0.394 

1.24 

2.75 


6.35 

3.00 

0.380 

3.06 

3.25 

0.374 

1 .38 

3 r 0 

0.364 

6. 0 

3.75 

0 . 356 

1.93 

4.00 

0.347 

6.42 

4.25 

0.336 

1 84 

4.50 

0.325 

4 23 

4.75 

0.313 

7.59 

5.00 

0.300 

1.27 

5.25 



5 50 



5.75 



6.00 



6.25 

# 



6.40 




n 

1 

2 
2 
3 
3 

3 

4 

4 

5 

5 

6 
7 
1 


/ = 0.001 


v/c 


i 


n 


0.287 


0.279 


0.271 
0.267 
0.262 
0.257 
0 251 
0.245 

l 


1.03 

7.34 

5.00 
3.60 
2.26 
1,50 
9.99 
6 52 
4.22 

2.56 

1.57 
9.75 
6 03 

3.58 

2.00 
1.10 
5.85 
3 01 


1 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

4 
? 
i 
i 

4 

5 

5 


Table 6. — Variation of Transmission with Primary 
\ elocity: 0.0031 mm Al, Normal Incidence ( 9 *) 

A/, = number of high velocity electrons ( V 9 > 100 volt), and 
V t2 = number of low velocity electrons (V, < 100 volt) emerging 
from second face of Al per unit primary electron striking firttface. 
Total emergent per primary = N /, -f N n *= N t . Values of 
v p /c are computed from V vp ( cf . Table 1). Unit of Vrp «■ 1 
kilovolt. 



1 N„ 

N.t 

v p /c | 

V.p 

1 AT,, 

| N.t 

l »»/* 





26.8 

0.25 

WjTfl 

0 31 

18 0 




30.2 

0.35 


0 33 

20.0 




32.8 

0.42 

■Iffl 

0.34 

21 2 




37.2 

0.51 

0.17 

0.36 

22.7 

24.0 



iSI 

43.4 

0.61 

0.18 

0.39 


Table 7. — Distribution of Velocities among Electrons 
Transmitted by Al: Normal Incidence ( 95 ) 

V rp = 45.6 kilovolt (v p » 0.396c); r « thickness of Al; / i« 
proportional to number of transmitted electrons having velocity 
defined by V Unit of r = 1 M = 10" 4 cm; of V. - 1 kilovolt - 
1000 volt. 

45 


V, 25 29 31 33 



3.1 





4.3 

9 2, 

15.6 

18. 4i 

19.5 

20 0 


14.1 

6.2 



2.5 

3 P 

5.4 


7.4 


5.2 

4 5 

HR 


9.3 

KSl 

1.8 

2 0 

2.3 

2.1 

1.8| 

1.4 

10 

08 

0 6 

m 
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REFLECTION OF ELECTRONS: ANGULAR DISTRIBUTION. 

ETC. 

For electron reflection by gases, see Baerwald (•) 

At /3-ray velocities ( v/c = 0.50 to 0.80), N, x increases with 
atomic weight of reflector, but less rapidly than as the first power 
(6S, «7, 80); uniegg th e thickness (r) of the reflector exceeds a 
certain value (r*), N/ x increases and the average velooity qf the 
reflected electrons decreases as r increases ( 46 ). The greater 
the atomic weight of the reflector, the smaller is r m . Forvp/c m 
0.48 to 0.59, (r„) A1 = 0.04 cm, (r m )n - 0.01 cm (**); for v r /t - 
0.55 to 0.65, (tJaj = 0.013 cm («•). For Al with r - 0.032 
cm and v,/c - 0.77, N, x - N ,, (**). The angular distribution 
of N/ x from thick reflectors is shown in Figs. 1, 2, 3 where w 
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number of reflected electrons of velocity ^ v which lie within a 
small cone of solid angle Aa centered upon the radius vector, n p = 
number of incident primary electrons, k = constant of propor- 
tionality; Au and k are constant for all the curves in any one figure, 
but they vary from figure to figure. For each curve, the velocity 
of the incident electrons is indicated by the value of V, p (unit « 
1 volt) marked upon the curve; V v = 0.90 V XD unless another 
value is indicated. 



Fio. 1. — Angular distribution of secondary electrons from Mg ( 25 » *«) 

(see text). 



Flo. 2. Angular distribution of secondary electrons from Ni: variation 

with the velocity (**# *«) (see text). 



Fio. 3. Angular distribution of secondary electrons from Pt (* s » * 4 ) 

(see text). 


Table 8. — Secondary Emission of Electrons from Gases 
n * « dN,/dx = number of emitted slow electrons per primary 

an d P«r unit of path; t. = J nj. ix = total number of alow elec- 

J o 

UOUfl per primary at complete absorption, n, and t 9 vary with 
and n, passes through a maximum at (v p ) m corresponding to 
(see section C of table). If Vrj, < 1 600 volt, the maxi- 


mum value of (F w ). « 40 volt and is independent of V ^ ( 94 ); 
if 7 000 volt £ Vwp ^ 15 000 volt, (F M ), varies from 0 to 1 000 
volt, but for 90% of the slow electrons (V*,)* < 40 volt ( 49 ). 
In general, n, is proportional to d and otherwise is independent 
of nature of the gas, but H* is an exception. For it, njd is greater 
than for other gases; see section B. 

A. Air at 0°C and 1 atm. ( 61 ); see also Section C 


v p /c 

n t 

t. I 

v p /c 

n. 

f u 

1 v,/ c 

n. 

tv 


0 



580 

53 

IEE3 

95 

1 990 

0 024 

7 700 


its] 

400 

100 


80 

2 570 


7 500 


0 35 

308 

160 

mi 

69 

3 310 

0.04 

5 000 


0 40 

250 

247 

wm 

59 

4 200 

0 05 

3 200 

(0.5) 

0.45 

210| 

385 

0 90 

50 

5 400 

0.07 

2 300 


0 50 

180 

580 

0.95 

45 

8 600 

0 10 

1 700 

2 

0.55 

152 

830 

0 99 

41 

26 800 

0 15 

1 200 

7 

0.60 

131 

1 150 




0 20 

830 

20 

0 65 

111 

1 520 





B. H z , Hydrogen; (n g /d) H = k(njd)& 


Vp/C 

0.02 

0 . 062 


0.92 


12 

4 

1 .8 

2 


C. Optimums. Unit of ( Vrp) m = 1 volt; N' = fraction of collisions 
which result in ionization (data of (2 3) appear to be the best). 


Gas 

(V„) m 

EVHa 

Gas 

(V„) m 

1 N’ 

Lit. 

Air 

130 


( 69 ); cf. 

Nj. — 

100 


( 51 ) 




( 16 ) 

(Coni’ d) 

101 

0.32 

( 47 ) 

A 

100 


( 51 ) 


175 

0.451 

( 23 ) 


80 

0.35 

( 47 ) 

Ne 

220 


( 51 ) 


125 

0 . 508 

( 23 ) 


157 

0.14 

( 47 ) 

H 2 

125 


( 69 );c/. 


330 

0.276 

( 23 ) 




( i fl ) 

CO 

125 


( 69 );c/. 


74 

0 21 

( 47 ) 




( 16 ) 


145 

0.315 

( 23 ) 


120 


( 51 ) 

He 

140 


( 51 ) 

COz 

140 


( 69 ); cf. 


147 

0.11 

( 47 ) 




( 16 ) 


200 

0.227 

( 23 ) 

ch 4 

132 


( 69 );c/. 

Hg 

110 

0.318 

( 23 ) 




( 16 ) 

Nz 

150 


( 69 );c/. 


80 

0.28 

( 47 ) 




( 16 ) 

HC1 

130 

0.604 

( 23 ) 


EMISSION OF SECONDARY ELECTRONS FROM SOLIDS 

AND LIQUIDS 

For angular distribution, see Figs. 1, 2, 3; for emission from thin 

films, see Tables 4, 5, 6 and p. 61 

Heating in a vacuum increases N t from A1 and Mg and decreases 
it from other metals. For effect of occluded gases and of surface 
structure upon N t from Cu, see (31). With many exceptions, N t 
from liquids increases with the atomic weight; it increases with 
the coefficient of absorption of the primary electrons (l, 2 ). 
Slow secondary electrons do not appear if V tp < ( V vp )„ 


W 

14 volt (31) 


Metal 

( V*,). 

If v p /c = 0.55 to 0.65, &g > 0 and decreases as atomic weight 
increases; for Pb, * 0.15; for the esters, a M ° * 2.17 (2). 


Ag 

Au 

Ni 

Pd 

Pt 

11 

11 

9 

>9, <12 

>9, <12 


1006to° 


A1 (11) 
Pt (I*) 


1004 ”° 'win! 




0.022 

0.028 

0.040 

0.056 


1.8 

25.6 

51.1 

78.0 

123.0 

i fiBil 

4.4 

33.7 

76.5 

100.2 

127 0 



0.090 

0.124 

0.19s 

144.0 

152.0 

169 0 

106.0 

64.9 

58.6 


0.327 

173.0 

45.5 
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After degassing Pt in high vacuum, 6* = 0 if 4 £ Fr* £ 600 
volt (**). 

(Ni)*> *= (N»)o cos v> *= number emerging at angle <p. For Pt 
and V*p £ 60 volt, (Nt)<p is a maximum when *> = $, if 0 <> 60° 
(••). Early results for greater velocities are unreliable, see ( 66 » 
M) * 

If $ * 0 for all primary electrons, N t varies with V, p as shown in 
Figs. 4, 6, 6. For Fe, see ( 33 ). Earlier results were less reliable 
and do not agree with these curves, see ( 7 » 8 » »2, 20, 27, 38, 45, 48, 

58, 57). 


secondaries from a pure liquid is greater than that from a pure 
metal; the velocity increases slightly as the atomic (molecular) 
weight is reduced 0). If v p /c = 0.9 (ca. V, p - 660 kilovolt), 
the velocities of the secondaries are distributed over a large range, 

but the average corresponds to ca. 1 kilovolt. For blackened 
metal surfaces, see ( ,s ). 

For curves ( 2 ) 


■■ililllMlBiiiiigSimig 

■I iiI»SSSSSSSgSSSSSSSE 


mmmmmuBsm 
liiiSgiasaiiiBd 

■K£119 IBBBBHBHRBBSEct 


W/M 


• • 


ILMIIIII 




*3B1B 


Fio. 4.— Variation in emisaion (N.) with the velocity of the primary 

electrons: Ag, Au, Qu (»*). 
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Fio. 6. Variation in emisaion (ATi) with the velocity Of the primary 

electrons: Al, Mg («•). 

Curves (1) are referred to scales at left and below; curve* (2) to scales at top 
and right. The two lower curve* refer to Mg which has been diitilled upon the 


m.M 


■■■SSBBBBBB 




flBBBBBBRSBRB 

■■■■BBBBBaH 


BBa gaa 



BBBRBiiBBB 




BBIHH 


Wi'/i 


PS#E=«BB 


UBBBB 


3BB-1B 


emission (AT,) with the vc 
electrons: Pd, Pt, W (*»). 


!99 


For many metals, AT, is a maximum (AT,), at some value of 

V V wp)m 01 V 9p . 

Metal. .1 Air. Al I A« I rs. I r\, i Cu> p e Fe Mo Ni W~ 

Fe 

200 410t 348 356 455 700 v 

13 1.3 13 1.45 

(88) (73)| (74) (74)| (74) (78^ 

• Nt decreases slightly at higher velocities (»>); 
y At V " 15 00 volt, Nt is only 0.74 ( Nt)m. 

VELOCITIES OF SECONDARY ELECTRONS 

metal* SIT u™, ^ > 20 Volt) of Fi * 7 are typical of all 

). If V p /c «= 0.55 to 0.65, the average velocity of the 


vmkm 


\1 

Ml 

\\« 




Bsisssssa 
gsiasa: 

Bbbbb» 


I , . . , — - u* vuv r 

velocity of the pnm&ry electrons to which the curve refer*. 

Table 9. — Election Emission Excited by Impact of Slowly 

Movinq Positive Ions 

For emission from, ar-ray impact, see Vol. I, p. 365; for absorption 

of positive ions, see (") 

Even if V 9p — several hundred volts, the velocity of the emitted 
electrons is low, F, = 0 to 30 volt (*, 4, *«» * 7 ); for those emitted 
from second side of thin film of Au, F. < 40 if Fr* ^ 21 760 
volt, and for 75% of them V, < 1.25 if V wp - 6 350 volt ( 40 )- 
As is reduced, the number ( N~ ) of emitted electronfl 
approaches 0, asymptotically in the case of solids and more 
abruptly in the case of gases; N = 0 if V rp < (Vrp)t>; data for 
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(?«,)• are discordant. Preheating reduces Before heating, 
<Vri>)» * 20 to 30 volt for all solids ( s > 4 ), - 20 volt for Pt ( 44 ). 
After heating, as follows; unit of V — 1 volt: 


Metal 

(TJ, | 

Ni-* 1 

AT. + * | 

EW 

ionsf 

| Lit. 

Al 


0.07 

0 

<1 

K 

(SO) 

Ni 

300 

0.042 

<0.02 

<1 

K 

(50) 

Ni 

sot 

t ' 

t 

j 

A1P0* 

(52) 

Mo 


0.038 

<0.02 

<1 

K 

(50) 


• Values for - 1000. 
t Source of ions bombarding target. 

X After heating Ni to HXXPC; Ni- - 1.5(F„)»(10)-« if p„ £ 380; Ni+ is 
* «reat; vt+ is small. Data appear to be lees reliable than those of (••). 

For gases the following values of (F**)o are recorded; unit * 
1 volt: Impact of +Na on Hg vapor ( 9 ®), ^40, air ( 10 ) <6, -j-H 
on Hj gas ( 42 ) >925 [earlier and much lower values (^18 ( 79 ), <6 
(*•) are attributed to emission from walls of chamber], He ( 44 ) 
>200, for any gas (F*p)o is of same order as for electronic impact 
( 7 *). For values of (V*p)o for electronic impact, see p. 69. 

For gases, n(=dN/dx) increases with the velocity and is pro* 
portbnal to the pressure, temperature being constant. For impact 
"bH ions on H* at 1 atm. and room (?) temperature: 


V., 

n ( 4 , ®) 


5 


25 : 


76 


228 



Unit = 1 kilovolt 
Unit = IQ 6 


For solids, N \ increases with the velocity and with the angle of 
incidence; for thin films, N i is independent of thickness ( 40 ). 
For Au foil, thickness not stated, unit of «■ 1 kilovolt: 



The number of -f ions emitted is ca. N»/ 3; for double thickness, 
(fivide N t by 10 ( 40 ). For ineuiatora, N is less than for metals 
( ). The law of absorption of H canal rays in thin metal foil 


is similar to that for arrays ( 4 *) (set Vol. I, p. 368). Unit of 
■= 1 volt. Metals not gas-free. Signs —■[-+"] indicate electrons 
[positive ions]. 


V-p V ^ | N x _ | N x + 


Target = Cu 1 

Target = Brass (*, 4 1 

+ ions * 

- Na and Al* (21) 

+ ions * H 

400 

0.049 


300 

2.0 


2 000 


0 07 

5 000 

3.45 


8 000 

1.5 


18 000 

4.8 


38 000 

2.8 

0.10 

25 000 

5.4 


48 000 

1.4 


31 000 

5.4 


'+ ions = H (35) 




15 000 

0 89 

0.083 




31 000 

1.36 

0.15 






1 000 

• 1 

1 

Mown 


K 

Li 

| Rb 

K 

Li 

Rb 

Target - 

s Pt ( 22 ) I 

Target «= Al (22) 

74 


6 


74 

4 



115 



1.6 

125 

8 



146 

4.5 

13 

2 

146 

11 



190 I 

7 

17 

3 

177 


10 


235 



5 

215 

18 

20 


250 

12.5 



275 

25 

58 

8 

265 


19 


340 

37 

93 

14 

275 

14 

7 


375 

47 



300 

24 



450 

67 

138 * 

22 

350 

17 


8 

475 

80 



360 


26 


535 


214 

36 

390 


30 


560 

92 



400 

19 5 


9 

• 


• 


475 

20 7 

36 






560 

25 

43 

12 






* loot from heated phosphate* of Na and Al. 
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PHOTOCONDUCTIVITY AND PHOTO-ELECTROMOTIVE FORCE 

A. Ll. Hughes 
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Photoconductivity. — If, apart from temperature change, an 
illumination of a substance alters its resistivity, the substance ia 
said to exhibit photoconductivity. So far as known, the altera- 
tion is always a decrease in the resistivity. The effect varies 
with the wave-length of the light and *hat wave-length (X») 
at which the effect is a maximum is the most important and 
definite characteristic of the substance with reference to its photo- 
conductive properties. The amount the resistivity of a sub- 
stance is decreased by a given illumination varies greatly from 
specimen to specimen, being profoundly modified by small amounts 
of impurities. 

Photo-emf. — If argentite (AgjS) is provided with two similar 
metallic electrodes, the illumination of one of the contacts causes 
it to acquire a positive potential with reference to the other. 
The most effective illumination is X = ca. 10 000 A; with increas- 
ing intensity of illumination, the emf reaches a limiting value 
(0.013 volt) at 600 meter-candle (* 3 ). If two electrodes of the 
same metal are immersed in an electrolyte and one of them is 
illuminated, it acquires a potential which differs from that of the 
unilluminated electrode. For Cu, Hg, and Pt, the illuminated 
electrode is the more positive; for Ag and Au, the opposite is 
true. The nature of the electrolyte is unimportant (*). 


Table 2. — Solutions Exhibiting Photoconductivity ( 14 ) 

Solvent is n-hexane (C*Hu) 


T able 1. — Minerals Exhibiting Photoconductivity (*) 

Out of 175 substances examined with light from an electric 
arc ? the following 19 exhibited photoconductivity. The magni- 
tudes of the effect are indicated roughly by the symbols: s ■= 
8 mall, m ■* medium, g = great, vg « ve 


Ag»AsSj 

Ag*AsS* 

Agl 

Ag,0 

AgiS 

AgjS 

AgSbSj 

AgiSbS, 

AgtSb8« 

Ag*Sb8« 

BUS, 

CujO 

(Cu,, Pb),Sb,S. 

MoS,. 

PbS 

Pb,Sb,S, 

Pb«Sb,S« 

SbA 

Se 


f great. 

Proustite 

g 

Pearceite 


Iodyrite 

m 

Silver oxide 

m 

Acanthi te 

g 

Argentite 

g 

Miargyrite 

m 

Pyrargyrite 

in 

Stephanite 

m 

Polybasite 

M3 

Bismuthinite 

vg 

Cuprite 

m 

Bournonite 

g 

Molybdenite 

m 

Galena 

m 

Jamesonite 

m 

Boulangerite * 

g 

Stibnite 

9 

Selenium 

m 


Formula 

Substance 

Formula 

Substance 

CioHjOi. . . 

Naphthazarine 

ChHio. . . . 

Anthracene* 

CioHaO. . . . 

a-Naphthol 

CuH»o 

Phenanthrene 

CioHiO. . . . 

P-Naphthol 

CuHis. • • • 

Stilbene 

Cu,H,N. . . . 

a-Naphthylamine 

CuHij. . . . 

Methylanthracene 

CuH|0 4 

Quinizarin 

Ci 8 H„ 

Chrysene 


* Conductivity increased 1 000 times by illumination with light of A ■■ 2 250. 

w" 

Table 3. — Wave-length (X*> for Maximum Photoconductivity 
Unit of X«* ** 1 A *= 10~ s cm; t * °C; t, = room temperature 


Formula 

Substance 

K* 1 

t 

X. 

t 

I Lit. 

AgBr 

• 

4 600 

u I 



( 7 ) 

AgCl 


3 800 

tr 



( 7 ) 

Agl 


4 700 

U 

5 000 

tr 

( 7 ) 

Ag*S 

Acanthite 

13 500 

22 

4 100 

tr 

( 4 ) 



12 000 

-153 



( 4 ) 

Ag,S 

Argentite 

13 500 

22 

4 100 

tr 

( 4 ) 



11 100 

-153 

11 200 

-110 

( 4 ) 

Ag,Sb8, 

Pyrargyrite 

6 300 

15 

6 300* 

-180 

(•) 

Bi,S, 

Bismuthinite 

10 800 

-166 

6 400 

t 

-166 

(•> 

Cu,0 

Cuprous oxide 

2 800f 

tr 

6 250 

tr 

( l2 ) 

(Cu,, Pb) r 







Sb,S. 

Bournonite 

9 500$ 

tr 

5 600 ; 

tr 

( 4 ) 

M ^ V 

I 

Iodine 

5 400 

tr 



( # ) 

MoS, 

Molybdenite 

18 000 

15 

10 200} 

15 

(•) 

A V 



8 500 

15 

7 000|| 

15 

(*) 



8 500|| 

-180 



(•) 

Pbl, 


5 2001 

tr 

4 6001 

tr 

( 7 ) 

SbiS, 

Stibnite 

7 500 

15 

6 800 

-180 

(**) 

Se 

Selenium 

7 000 

tr 

5 500 

tr 

(1°) 



7 000 

15 

6 000 

-180 

( n ) 

TIBr 


4 130** 

u 



( 7 ) 

TT.C1 


3 650* * 

tr 



( 7 ) 

a v 

Til 


4 130** 

tr 



( 7 )’ 


Thalofideff 

10 000 

U 



J 3 ) _ 


• Embritfcite. 


* Maximum sharper than at higher temperature. 

t Principal maximum. t Maximum is Ill-defined. 

| Strongest at this temperature. II Weak at this temperature. 

1 Sharp maximum. •* Width of peak ca 800 A. 

tt Thallium oxysulfide; sensitivity ranges from X » 4 000 to A » 12 000, * * 
it ends abruptly. 
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PHOTOEMISSION OF ELECTRONS 

A. Ll. Hughes 


Contents Matures 

Photoelectric thresholds. Seuils photo^lectriques. 

Wave length for maximum Longueur d’onde pour la sensi- 
sensitivity. bilit£ maximum. 

Variation of sensitivity with Variation de la sensibility avec 
wave-length (illustrative). la longueur d’onde (explica- 

tif). 

Relative values of current : pure Valeura relatives du courant: 

substances, heterochromatic substances pures, 6clairement 

illumination. hytyrochromatique. 

Sensitivity of aqueous solutions Sensibility des solutions aque- 
and alloys. uses et des ailiages. 

When a substance is illuminated by light of a sufficiently high 
frequency it emits electrons; this is the photoelectric effect. The 
photoelectric threshold (X*) is the longest wave-length capable of 
producing the effect. For solids and liquids, X 0 depends upon 
surface conditions; observed values vary widely ( 8 t 26, 42, 47, 53, 
ei, 64, 65). The strength of the photoelectric current from an 
illuminated surface is proportional to the intensity of the incident 
light (®> 7 i '2, 27, 28, 31, 50) and varies with the wave-length, 
frequently passing through a maximum at a certain wave-length 
(\m) characteristic of the substance. A substance may have a 



Fio. 1 . Variation of photoelectric current with age of surface (*•). 

Na shaved in vacuo; age measured from time of shaving; current expressed in 
arbitrary units; unit of X - 1 A - 10~* cm. 


Fio. 2. Variation of photoelectric current with thickness (r) of film 

("). 

fi e Po*'ted in vacuo by evaporation from wire to a quarts (8i0t) plate: 
wrent, expressed in arbitrary units, per unit energy of radiation; unit of 
r k* 1 m>* - l0-» cm, of X - 1 A - l6 *cm. 

Ki without exhibiting a “selective ” photoelectric effect, as presently 
defined. The current varies with the age of the surface (35) (see 
Fig. 1), and depends upon the gas content; the evidence regarding 
its possible variation with the temperature is somewhat conflicting; 
for A1 in range 20 to -180°C ( 3 7 , 38 ), Ag, Au, Fe 15 to 125°C 
( J6 ), K 20 to 110°C (*), Mg 15 to 125°C ( 36 ), Na 20 to 110*C 
( 4 ) and 20 to -180°C (2), NaK alloy 20 to 110°C (*), Ni, Pb 15 
to 126®C ( 3 «), Pt 60 to 300°C («2), and Sb, Zn 15 to 125°C ( 36 ) 
no variation was observed, but Ives ( 20 ) found that the current 
rom K and from Na decreased as the temperature was reduced 
rom 0 to — 180°C, the reduction being 20% for blue and 45% for 
yellow light; the lower the temperature, the more rapid was the 


Inhaltsverzeichnis Indice P a0e 

Photoelektrische Schwellen- Frequenza limite 67 

werte. 


Wellenlangen maximaler Em- Lunghezza d’onda per la 

pfindlichkeit. sensibility massima 68 

Anderung der Em pfindlichkeit Variazione della sensibility 
mit del* Wellenlango (erl&u- con la lunghezza d’onda 

temd). (esemplificazione) 68 

Relativer Wert des Stromes: Valori relativi della cor- 
reine Stoffe, verechieden- rente: sostanze pure, 

farbige Beleuchtung. illuminazione eterocro- 


matica 68 

’Empfindlichkeit wassriger Lo- Sensibility di soluzioni 
sungen und Legierungen. acquose e di leghe 69 


variation. For all these observations the metals were in a vacuum. 

0 

With the alkali metals, measurable currents have been obtained 
( 7 ) with an energy flow of 3 X 10“® erg/cm 1 sec of blue, and of 
2 X 10" 7 erg/cm* sec of orange, light. The greatest charge 
liberated per calorie of incident radiation is of the order of 0.01 
coulomb; for Pt X 2000 the charge liberated is 3.0 X 10~ s coulomb/ 
calorie, for A1 X2200 it is 22.5 X 10“ s , for Na X3700 it is 171 X 10~ fc 
and for Na X2300 it is 330 X 10~‘, same unit for all ( 49 ); see also 

( 56 ). 

If the light is plane polarized and is incident obliquely upon the 
surface, the photoelectric current from some substances and at a 
certain wave-length (X.) is much greater when the electric vector 
E lies in the plane of incidence than when it is perpendicular to it. 
Such a substance is said to exhibit a “selective” effect at X,; 
in unpolarized light X m coincides with X,. Very few metals having 
a X* have also a X, (21). The alkali metals exhibit a selective 
effect only when in thin films and of the alloys, only NaK x exhibits 

it (**). 



Fio. 3— Variation of photoelectric current with thickness (r) of film 

( a ). 

Pt deposited by cathode sputtering; current expressed in arbitary units: 
unit of r - 1 m*. ■ 10“» cm, of X «> 1 A ® 10 - * cm. 

Evidence derived from thin films (19,41,43) now favors the 
view that, at instant of liberation, photoelectrons are emitted in all 
directions in equal numbers and with equal velocities. For vari- 
ation of photoelectric current with thickness of film, see Rgs. 2, 3. 

Table 1. — Photoelectric Thresholds 

a(6] = surface mechanically cleaned before (after) being placed 
in vacuum; c = distilled in vacuum; d *= data for tiny drope; e ® 
special care taken to outgas the substance in vacuum; / =* surface 

newly formed in vacuum; g - data for gas phase. Unit of X« - 
1 A «= 10~“ cm. 
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Taple 1. — ( Continued ) 


Element [ 

x« 

Lit. 

| Element * 

X 0 

Ag 

3390a 

c») 

K§. — (Cont’d) 

>6000 


3250 • 

(60) 


<7000 

Al 

4770a 

(46) 

Li 

58005 


3342a 

( 14 ) 

Mg** 

iAJV v/V 

3820a 


3595a 

(13) 

Na 

5830a 

As 

2360c 

( l7 ) 


68005 

Au 

• 


Ni * 

3050a 

Bi 

3300a 

(48) 

Pb 1 

31 1 5r 


3226c 

( ,7 ) 


O 1 1UC 

2980a 


2980a 

(»*) 

pttt 

2800a 

Ct 

2615a 

(i») 


2780 a 

Ca 

3700c 

( ,7 ) 


2840 


4000a 

(U) 


2570c 

Cd 

3140c 

( ,7 ) 

s 

<3300 


3130a 

(IS) 


X UlA/V 

<2400d 

Cl 

< 1260(7 

(S3) 


>2200d 

Cs 

3180k II 

(39) 

Se 

2200r 

Cu 

3000a 

(1») 


2670a 


3050a 

C 4 ) 

Sn 

3620a 


2665a 

(IS) 


3050a 

Fe, c/. (*•»).. 

3050a 

(* 4 ) 


3185a 


2870a 

(IS) 

Th 

3465a 

Hg 

> 1800ol 

(58) 

W 

9A1 


2735/ 

("> 


£*\j 1 OCX 

2300c 

It 

• 


Zntt 

37fVLi 

K§ 

>2800?|| 

(66) 

4411 4 + 

os wa 

3200a 


<31OO0|| 

(66) 


3016c 


4360 H 

( 47 ) 


3425a 


^ • 

ASOmvtt Photo lucTBio 


Lit. 


(« 7 ) 

(« 7 ) 

(*«) 

(«) 

( 4 .) 

(•«) 

( ,J ) 

(”) 

( 13 ) 

( 4 «) 

( 13 ) 

(*«) 

(* 4 ) 

( 10 ) 

<") 

( 33 ) 

(>») 

('*) 

( 4 ») 

(* 4 ) 

('*) 

( 13 ) 

( ,J ) 

(**) 

(<•) 

(« 4 ) 

(* 7 ) 

('*) 


Formula 

Substance 


| 


Air 


ca. 1300 

CuO 



2500 

SnCl 4 

Tin tetrachloride 

0 

<1800 

Zn(CiHi)j 

Zinc ethyl 

9 

<1800 

CS* 

Carbon disulfide 

0 

<1800 

C,H,N 

Aniline 

9 

>1850 

CioHtN 

a-Napthylamine 

0 

> 1850 

CiiHuN 

Diphenylamine 

9 

> 1850 

CuHji 

Diphenylmethane 

0 

> 1850 

CwHio 

Anthracene 

9 

>1850 


Anthracene 


2170 


Anthracene 


2250 


Anthracene in hexane 


2250 


Oil (watch-oil) 


<2150 


Paraffin 


<2150 


Shellac 


<2200 

BaO 

(At 420°C, X 0 = 3880) 20°C. 


2860 

CaHgs 

Ca amalgam. . . . 


350011 

SrO 

(At 420°C, X 0 = 3880) 20 °C. 


2860 


( 10 , 4 °) 

(* 4 ) 

(>•) 

(»*) 

( 10 ) 

(. 4 ) 

("). 

( 37 ) 

C 7 ) 

(* 7 ) 

(*•) 

( 83 ) 

( 63 ) 

( 33 ) 

(**) 

( 33 ) 

(*«) 

( 46 ) 

(**) 

* X, la not given, but observations (»•) indicate that it is independent of 
temperature between 20 and 860®C. 

t For soot (lampblack) A, independent of temperature between 0 and - 180°C 

\ */• 

{ Does not agree with value expected from ionising potentials. 

| Ives <*•) found X. shifted from 7000 to 6200 as t changed from 20 to - 180°C. 
( 4 «) ^ DeW,y di8t,Ued M «* x# "lifted from 3500 to 5500 in 24 hr. in high vacuum 

B Agrees with value expected from ionising potential. 

% After repeated distillations in very high vacuum X 0 < 3300 (••), others under 
equally good and similar conditions find X« - 4360 ( 47 ). 

tt After heating to 900°C for 8 hr, X« - 2700; after heating to 1400°C and 
outga*»in«, X* < 1850 (•■). X. is independent of temperature (**), at least for 

ITto-^aCPC^*) ( ** > ’ ^ Pt ' bUck ’ ** independen t of temperature for range 

2 I™**" " uHac * a P'Wed in highest obtainable vacuum X, < 1850 (*•). 

II Shifts to 6000 in course of a few hr; observed in high vacuum («•). 


Table 2.~ W ave-lenoth (X») fob. 1 

Sensitivity 

B - breadth - spectral range over which the photoelectric 
effect ia> unusually great. For example; For K, X. - 4400, B - 
2600; that is, the effect is unusually great from ca. X - 3160 to 
5650. The substance was in a vacuum (p) or in argon (A). Unit 
of and of B = 1 A - 10" 1 cm. 


Substance] Gas 

!E9 

OEsa 

• 

| Substance 

(Ga* 

Ba 

V 


|( 44 ) 

KT1. 

V 

Cs 

V 


( fl ) 

Li 

to 


A 


(«) 


¥ 

A 

CsH 

A 


(**) 

Na 

A 

CsK* 

V 


(») 


A 

CsNa* — 

V 


(*>) 


V 

CsRb* 

V 

4800 

(«) 

NaH 

A 

K •... 

A 

4400 

(**. 


A 




(»») 

NaRb,. . . 

V 


V 

4400 

2500 (44) 

Rb 

A - 


V 

4400 

210d (») 


D 


V 


(**) 


V ‘ 4 

KH 

A 

4560 

(«) 


n 


A 

4400 

(»•) 


M 

KHg, 

V 

3800 

20001 (44) 

RbH 

A i 

KNa. 

V 

TO 

2900l;(44) 


A 4 

KRb, 

V 


l(*«) 




1 32001 


47< 


4700U80<* 


481 


132001 (44) 

(“) 
<”) 
<*) 
W 
( 44 ) 
(«) 
( M ) 
PI) 
(”) 
(«) 
(“) 
m 
( f| ) 
(•*) 
(••) 




Table 3. — Illustrating Variation or Photoelectric 
Senbittvitt with Wave-length (X) or Incident 

Light 

For each metal the unit is chosen so as to make the ae . 

100 for a certain wave-length. When light is not monochromatic, 
Xmia ■* approximately the shortest X in the light used, Unit of 
-X - 1 A - 10-* cm (45). 


X 

Bi 

Cd 

2300 

100 

100 

2540 

56.3 . 

59.2 

3130 

<1 

<1 

3660 

0 

0 



Pb 
100 
60.4 
1 6 
<1 


Sn 

100 
66.2 
1.4 
<1 


T1 

100 
62 1 
6.8 
<1 


Light source r A1 spark, filtered (*•) 


Filter 


• •• vvt 

CaFt, Fluorite 1 * 

1 1250 

100 

100 

100 

SiO*, Quart*. j 


27 

40 

15 

SiO, + Air ,... 


22 

50 

11 

CaCOi, Calcite 


<1 



Glass 


IEb 

0 



• Relative values are: CuO - 100, Ice - 70, Water - 0.25. 

Table 4. — Relative Values or Photoelectric CurhenY (/) 
‘ for Hxterochromatic Illumination 

The data given in different sections of the table are not com* 
parable, as the relative intensities and spectral distribution's are 
not known. Unit of I is arbitrary and varies from section to 
section. 


Symbol 


Symbol 



BijOi. 

BijOi 

CrjOj 

CrO,. 
CuCl. 
CuClj. 
Cu,0. 
CuO. . 


110 

70 

60 

1 

50 000 
10 

14 400 
4 800 


Hg-arc (*) 
FeClj. . . . 
FeCl|.\ . . 

FeO 

FejOj .... 

Hg(C.Hr- 

CO,).... 

Hg(CeH»- 

COi)*. . . . 


26 

HgCl 

1 

HgCl, 

7 200 

Hgl 

202 

Hglt 


HgiO 

18 

HgO 


MnO 

12 

Mnj0 4 . . • • • 


12 

2 

112 

10 

280 

70 

500 

190 
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Table 4. — (Continued) 


Symbol 

/ 

Symbol 

/ 

Symbol | 

Hg-arc (5) || 

Hg-arc 

(*) 

Zn-spark 

MnOj 

■48 

KBr 

320 

MnSi 

PbO 

3 200 

KC1 . ; 

67 

MoS 

PbO a 

1 700 

KI 

1 200 

NiS 

SnO 

1 220 

PbBr, 

97 

PbS 

SnO» 

24 

PbClj 

31 

SbjSs 

SnS 

1 400 

Pbl, 

3 000 

SnS 

SnSi 

186 

Zn-8i>ark 

( 51 ) 

Zn 

AgBr 

430 

AgtS 

240 

ZnS 

-AgCl 

200 

A1 

200* 

Hg-lamp 

Agl 

750 

BitS, 

138 

Ag*S 

CdBr, 

21 

CdS 

58 

BitS, 

CdCl, 

60 

CoAsS 

89 

CdO 

Cdlt 

18 

CoS 

29 

CoS 

HgBr . . , . . . 

19 

CrjS>. 

160 

CuO .... 

HgBr a 

14 

Cu^ 

534 

CuS . ... 

HgCl 

15 

CuS 

391 

FeS 

HgClj 

5 

FeS 

64 

PbO* 

Hgl 

1 400 

FeS t 

176 

PbS 

Hglj 

230 

Fe 7 Ss 

122 

SnS . 


§ 

MnS 

385 


• Aaeuroed 

m a bazis of reference. 




( 51 ) 

141 

28 

102 

887 

45 

236 

530* 

80 

(*) 

2 150 
112 
27 
820 
295 
490 
91 
15 

1 070 
346 


Table 5. — Relative Photoelectric Sensitivities of Aqueous 
Solutions and Alloys: Variation with Concentration (* 9 ) 


Of the Pd-Ag alloyB 'saturated with H, that of 40% Ag has 
maximum sensitivity and also maximum absorptive power for H 
( 2I ). Nature of light souroe is unknown. Unit is so chosen that 


sensitivity of pu re H,0 

Concn. | NaCl 

2 
10 
15 


1. Unit of concentration «= 1%. 


0 85 

- - l 

3 25 

* 

, 

, 

0.35 

0.50 

4.65 

4.11 

3.97 

0.30 

0.50 

5 60 



0 30 


K*S0 4 

1.56 
3.60 
5.40 
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en the molecules of a gas are bombarded by electrons possess- 
u ‘g inetic energy ( Ke) the collisions are perfectly elastic unless V 
excee s certain critical values V,. At and above the velocities 
corresponding to these vi.lues V ,, an amount of energy eV e can be 
in an inelastic collision, and this may be accompanied by the 
emission of radiation, or the energy may be dissipated in thermal 

P . ^ as ‘ ^ ^ equals or exceeds certain other critical 

a ue8 /), ions are produced, t.e., electrons are removed from the 

r )m \ C ^ructiire. At every critical potential, the collisions are 
mp ete y inelastic and the momentum given to the atom or 
ecu e is negligible. Hence these values of V measure directly 

I * . . in producing the resulting excitation or 

*a ion. These critical potentials form the subject of this 
action. 

399 quantum theor y of radiation (Vol. I, p. 47, V, p. 

of k P* eK/ = h X (limiting frequency 

betw ^ S .° r ^^ on 8er i es )» and eV t = h X (frequency difference 
nri " 1 ^ normal and another spectral term). The selection 

natioiT^! ° p ‘ anc * P- which limit the combi- 
1 Co V !r° i PrmH that reau ^ * n radiation, do not apply to excitation 

vtr * d ' ,t « to Nov. 1, 1927. 


by collision, hence it is possible to produce status (called meta- 
stable) from which a radiating transition is impossible. A double 
excitation may result from a single collision if V is sufficiently 
great, and by increasing the current density of the electron stream, 

the same result may be obtained by successive collisions at a lower 
value of V. 

In the case of atoms, the energy levels are determined solely by 
the electronic states, but in the case of molecules, a series of vibra- 
tional and rotational states is associated with each electronic state, 
and every change in electronic level is spontaneously accompanied 
by a change in vibratiop and rotation ( 3 ). Electrons probably 
can do directly no more .than change the electronic state, and, if 
the spontaneous change in the state of vibration is small, the 
exciting potential will be nearly equivalent to the difference in the 
electronic energy levels. Such seems frequently to be the case, 
but there are many exceptions, and in some states the vibrational 
change is sufficient to cause spontaneous dissociation. The work 
of dissociation of a molecule into uncharged constituents is measured 
by the maximum vibrational energy that the molecule can have- 
i.e., by the frequency limit of a vibration series. General references 

( 17 | 33 , 36 , 57 , 97 ^ 

SYMBOLS 

e, h, and A have their usuul significance (Vol. I, p, 16). 

Potential difference corresponding to work of dissoci- 

xtion of normal molecule (into uncharged atoms) 

(of molecule ion (into an uncharged and a charged 
atom)). 6 
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yjyji 

VAVic] 


Current density of electron stream. 

I Ionization methods ( 17 ). 

Im[Ia] Ionization potential of the molecule (of the atom). 

IC Method of inelastio collision ( ,7 ). 

PR Method of positive-ray analysis for identification of 

ions ( ,7 ). 

El Methods involving photoelectric effect and electron 

emission produced by excited atoms ( ,7 » 76 ). 

3 Method of critical potential required for appearance of 

a spectral line or group (* 7 ). 

V Potential difference required to produce the effect con- 

sidered. 

Observed [computed) value of V. 

Pj[P/c] Value of V which corresponds to ionization [derived by 

method IC). 

X Holweck’S method ( 49 ). 

° Means “is equivalent to,” or “corresponds to.” 

( m *)* Indicates that there are n electrons in the valence shell 

defined by the quantum numbers m and k ( cf . Vol. I, 
p. 48). 

[rod Indicates that one electron is removed from a shell 

defined by m and k. If the normal atom contains 
(3j) 10 (4|), then [3*1 indicates that the resulting ion 
contains (3,)*(4,); (cf. Cu, Table 1). 

The quantum numbers and series notation used in this report 
are as follows: (For additional information, see Vol. I, p. 47, V, p. 
302 and VI, p. 23, 


Alkali series* 1*5 | 

X-ray termf K 

Quantum number 1, 

Electrons! 2 


(ro*) 


[rod 


2*5 

Li 

2, 

2 


2*P, 

Ln 

2 , 

2 


2*Pj 

L/// 

2 , 

4 


3*5 

Mi 

3, 

2 


3*Pj 

Mm 

3, 

4 


3 *D, 

Miv 

3, 

4 


3*Di 

M v 

3, 

0 


Alkali series* 3*p, 

X-ray term t M,/ 

Quantum number 3, 

Electrons! 2 


* Russells' notation, t Coster's notation. X Number of electrons in com- 
pleted group. 

Useful Relations. — The relation between critical potentials (V) 
and wave number (v = waves ner cm in vacuum) or wave-length 
in vacuum (X 0 expressed in Angstrom) is V = 1.2344k X 10” 4 
volt = 1.2344 X 10 4 /Ao volt. 

The relation between \ for a reaction (ionization, dissociation) 
and the energy (E) of the reaction is E/V = 2.307 X 10 4 (g-cal l0 

per g*mole)/volt. For diatomic molecules of elementary sub- 
stances D + / A = / H 4- D + . 

Table 1. — Critical Potentials of Atoms 

In columns (1), (2), and (3) are symbol of the element and its 
atomic number, experimental method, and reference letter for 
following notes'. A f = wave-length of resonance line of absorption 
spectrum. For other symbols, see above. Accuracy of V is 
roughly indicated by the number of significant figures. Unit of 
V. and V e = 1 volt; of K = 1 k =* 10“ 8 cm. 


(1) I (2) I (3) 1 V. I Lit: V .♦ I uT. f Transition I X. 


(1) 

A 1 8 . . 


IC 

IC 

I 

I 

R 

R 

R l 

X 


V . 
11.5 

13 0 
13.9 
15.4 


19.0 
32.2 
34.8 

39.0 j 
240 . 5 


Lit. 

( 4t ) 

< 4 *) 

( 4 *) 

< 4 *) 

(J0, 

(•*) 

(•*) 

(•*) 

, 4 *, 


V.* 

11.67 

11.77 


15 69 
15.80 


Lit. 

<!••) 

(»0«) 


(I0*> 

(•••) 


Transition 
3 *8 - VP 


Xr 

1066.7 


3*5 - 4*P* 1048.2 


M f |/(3j) 

A#/,13 3 J 


L///[2j) 


>peclrum at a. second s,^errum at b if i is (treat, nt e if i is small (*•. »«). 
A third spectrum At 70 volt ( * o j 

• From ( 3, » 4 *) unless Knottier '•ourre is indicated. 


Table 1. — (Continued) 


U) (2) I (3) 


Lit. 


Ag47 . . . IC 3.1 (»•*) 8.65 5*5 - 6>/»i 3383 

3 . 76 5*S - 5*P, 3281 

6.0 (*0T) 7.54 5*515,1 

AH3.... a 5.06 3*P,(3sJ 

b 10.0 (3 & ) . | ' 

18.17 <»•*) 3*5 Al 4 

28.32 (»•) 3*5 Al** 

X e 68 (*•) L///(2,l 

6 is from a 3*8 — 3*P, of Al* e measured by absorption of soft X-rayaiji 
solid Al. 


F«* I 

3.65 

3.76 

7.54 

5.96 

10.0 

18.17 

28.32 


Lit. 


As33 . 


Au70 


4.7 

11.5 


(100) 

(. 00 ) 


B5 


192 


( 4# ) 


4.61 

5.08 

9.25 

8.34 

11.02 

24.2 

37.79 

176 


(M0) 

( 110 ) 

( 110 ) 

(*•) 

(•) 

(*•) 

< 7# ) 

(»•) 


4*5[4iJ 

6*5 - 0*Pi 2676 
6*5 - 6*P, 2428 
6*5(6il 
2*P,( 2tl 
( 2,1 

2*5 B 4 
2*5 B 44 
KlU] 


b is computed from a -f excitation potential of (2 >5 — 2*P,) of B 4 . c » 
computed from K a + a. 


Ba56 


Be4 


Bi83.. . . I IC 


1.56 

2.23 

5.19 

9.96 

Ba — * Ba 44 requires 15.15 volt 

9.50 ( 7i ) 

18.14 (*•) 

Be — * Be 44 requires 27.6 volt 


6*5 - 6*Pi 
fli5 - 6*P 
6'5(0,| 
6*5 Ba 4 

2*512,1 
2*5 Be 4 


1.9 


( 100 ) 


IC, 8 
IC, 8 


3.9 

6.7 


( 100 ) 

( 100 ) 


1.4 

to 

2.7 

4.02 

5.42 

to 

5.98 


3068 

2277 

to 

2062 


8.0 


( 100 ) 


6«5I6i) 


a gives metastable states. Resonance line and 4722 at b, group of line® ** 
e, complete arc at d; second spectrum at 14 volt, third above 20 .vol (' 

C6 a 11.3 •(*•) 2*P42*1 

24.29 (»•), 2*Px C* 

45.5 (*•) 2*5 C 44 

64.23 (*•) 2*5 C 444 I 

X b 280.5 C 4# ) 282 (»•) *(1«] ' 

b computed from a + Ka 

Cs20. . . IC 1.90 (■•) 1.89 4*5 - 4 »Pi W™ 

IC 2.85 2.92 4*5 - 4‘P *** 

I 6.01 6.00 4‘5|4,1 

11.82 4*5 C* 4 

24.5 (**) MnilM 

24.9 (**) Af//[3»1 

Ca — *■ Ca 44 requires 17.91 volt 

Cd4F,... IC o 3.95 (••) 3.78 - VPx 3^ 

IC b 8.38 8.30 va-VP 228» 

I c 9.0 8.95 5*515,1 

d 16.84 (*••) 5'SCd+ 4 

Resonance lines at a and b. complete arc at e ( 7 *). 8pectrum of 


Resonance lines at a and b, complete arc at c (**)• 
areal, at d (*•). Cd — * Cd 44 requires 25.8 volt. 

CI17 1 X | |203 | («•) | | 

i Measured in HC1* 


Co27. . , 


8.25 

16.8 


(101) 

(101) 


L///(2»l 

*P[4,1 
»P Co 4 


I I v I I | *0.0 | \ / , - . fit 

Normal Co is (3»)*(4,)*; 6 gives (3*)», but normal Co 4 is (3.)«, and toe 
ionisation potential involves the double transition (3»)*(4i)' — * (3 i)*i 
7.81 volt. (3.)' — <30 * requires 17.2 volt (»•*). , 


Cr24 . . . 


Normal Cr 

Cs55... IC 

I 

R 

R 

ft, S 


a 6.74 (* 4 ) f tf 4 ‘l 

6 . " 8.24 (•») *iX 3 *l 

c 16.6 <»•*) ,5Cr \,„ 

(3s>*(4,); a gives (30«, b gives (3i)*(4,), c <30 4 -♦ . 


1481 (**) 


3 9 
13.0 

18.5 

21.5 


<**) 

(>') 

r««i 


1.38 

1.45 

3.88 


6*5 — 6*P* 3943 
• 6*5 - ••P* ^ 1 
6*5f6iJ 


I R I I 39.0 | <••) | I oc it volt. 

Resonance lines at a, 65 — 7P at 2.7 volt, 05 — 8P and 6 P — 85 . .mail- 

complete arc b (**). Spectrum of Ce 4 at e if « is great, *t d if » '* 

Third spectrum at 55 volt If » is small (•*). 
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(i) 

Cu29. . 


Lit. 


7.8 O 07 ) 


\ 

1.38 

3.77 

3.80 

7.89 

10.44 

20.5 


Lit. 

( 10 .) 


( 10 ») 

( 10 .) 


Normal Cu contain. (3i)*®(4i); o gives (3»)®(4i)* 
requires 28.2 volt. 


884 


Fe26 . . . 


16.9 ( 7 «) 

32 ( 7t ) 

(«•) 689 0) 

b from K a + a 
7.83, 

16.5 I (> <>*> 


Transition | Xr 

4 *S - 3*D 
4 *S - VPt 3274 
4 *5 - 4*Pi 3248 
4*5(4,) 

Afv[3*) 

Cu 4 — » Cu 44 
d (3,)®. Cu -» Cu 44 

2*P[2t] 

' 2 »P F 4 

XHil 

•Wil 

•Z> Fe 4 


Normal Fe contains (3a) , (4i) t , 6 gives (3i)‘. 


Ga31 


3.07 

(*•) 3.06 

4*P, - 5*S 

4.22 

(«*) 4.29 

4*P, - 4 *D 

5.80 

(*•) 5 97 

4*P,(4»1 

13.2 

(»•) 

(4.1 


30.59 

(»») 4*5 Ga 4+ 


■ it • ■ ■ * - ■ 

There is one IC value not related to known spectrum (*•). 


Ge32 

HI.. 


45.51 

10.15 

12.03 

12.69 

13.00 

13.16 

13.26 

13.54 


(»*> 


4 *5 Ge 


+ * + 


• * * i » ■ i 

Complete arc spectrum at 6 if i ia small, at a if.i.is great (* s ). 


* 0-10 
*0 - s) 
*0 - 10 
*0 - h) 
* 0-10 
*0 - h) 

7VI1.1 


1216 

1026 

973 

950 

938 

931 


He2 


R. IC 
R, 1C 
R, IC 
R, IC 
I 

1.8 


19.75 (»«•«. >») 
20.56 (**•». »’) 
21.2 (**••» » 7 ) 
22 9 (»«•*. »*) 
24.6 (14.*, 37) 

78 8 (14.5, 37 ) 


19.73 
20.55 
21.12 
22.98 
24.48 
54 16 
78.64 


(••) 

(”) 

(••> 

(••) 

(••) 


1*5 - 2*5 
1*5 - 2 *5 
1*5 - 2*P 
1*5 - VP 
1*8(1, 1 
4 N He 4 
He -» He 44 


600.5 

584.4 

537.1 


Arcs strike at a if i is great (»«). Near 6 lines 2P - 35, 2P - 3D, and 25 - 3 P, 
both singlets and triplets, appear. Complete arc spectrum at c ( 4 *). Line 
4686 of He 4 excited at d if i is great and at e if i is small (* *). 


Hg80 


IC. R 
IC, R 
IC, R 
IC. R 
IC, R 
IC, R 
IC, R 
I 

PR 


4.68 
4.90 
5.47 
6 73 
7.73 
8.64 
8 88 
10.40 
19 \ 


(*») 

4 66 


( J «) 

4 86 

• 

(>») 

543 


(>•) 

6.67 


(»«) 

7.69 


(»‘) 

8.58 


(>•) 

8 79 


(• 7 ) 

10.39 


(i ,# , 

18.97 

( ,J ) 


6'5 - 6 *P 0 
6*5 - 6*P, 2537 
6*5 - 6»P, 

6*5 - 6‘P 1850 

6*5 - 7*5 
6*5 - 7*P, 1436 
6*5 - 7‘P 1403 

6‘Si0i| 

6*5 Hg 4 


" rcwieu lo Known spectrum, are louna (•*). Kesonancc 

*ne at a, 6*P ~ 7*5 and 6*Pj — 7*5 near 6, complete arc spectrum ate ( 4 *). 
Bocoiid spectrum near d, third spectrum at 24 -olt, and fourth at 57 volt (*■). 

■ . A I _ • 


153 


In49. 


IC 

IC 

IC 

I 

I 


I 8.0 | (Mi) | | | 

Measured in thermally dissociated vapor 


5*P(5,J 


0.30 

3.03 
4.07 

6.3 

14.1 


KjO 


r* 

a 


(••) 

< i# > 

(**> 

(••) 

( l# ) 


1 55 (M*) 


1 

R. I 

R 

R. 8 

k 


4 1 
19 

23.8 

31 8 
48.0 


(«li) 

(’•) 

( #l ) 

(•») 

(") 


0.27 
3 01 
4.06 
5.76 

27.86 

1.60 

1.61 

4.32 


('*) 


5*P, - 5*Pi 
5*P, - 6*5 4102 

5>Pi - 5 *Z> 3039 
5*P,[5j) 

(5,1 

5*5 In 44 

4*5 - 4*Pj 7699 
4*5 - 4*P, 7665 
4*S|4,) 


( 1 ) 


Kr36. 


48 Re *6?°f*' 4 q 11 ** at 43 ~ 3* V 3 3 volt - 4P - AD and 4P - 65 at 3.7, and 

i, 7 volt: complete arc spectrum at b (•»). Spectrum of K 4 at c if i 

- ge>t » *t d if i ,» small 

Irom, (**• •*) unless another source is indicated. 

by 4 0 us* °. * n thermally dissociated differed from those computed 

(ttj V0 * an< * entirely different front values for ordinnry (Hi) hydrogen 


( 2 ) 


IC 

IC 

IC 

IC 

I 

I 

I 



Table 1. 


Lit. 


( Continued ) 


Lit. 



Transition 



9.9 

10.5 

11.6 
12 1 
13.3 
15 5 
28.2 


< 44 > 

( 44 > 

( 44 ) 

( 44 ) 

( 44 ) 

( 20 ) 

( 20 ) 


Nllli 4.1 


Li3 


Arc spectrum at a, second spectrum at b with high pressure and at c with low, 
ird spectrum at 59 volt ( 20 ). 

i I 1 i I 1 1 84 1 I 2*S - 2*P 16708 



a 

R 

b • 

IC 

a 

IC 

b 

I 

c 

s 

d 

R 



54 

(7®) 

1.84 

5.37 


Arc spectrum at 

a, 2934 at b ( 79 ) 

2.85 

(•*) 

2.70 


4 42 

(•6) 

4.33 


7.75 

(86) 

7.61 


15 

(*°r 

14 97 


46 

(S3) 

45.8 

46. 1 

( 77 ) 

( 77 ) 


2 *S - 2 *P 
2*S(2,1 


4571 

28.52 


Mgl2. . IC a 2.65 (»•) 2.70 3*5 - 3*P, 4571 

IC b 4 42 ( 8S ) 4 33 3*5 - 3*P 2852 

I c 7.75 ( 8 «) 7.61 3'5[3i] 

S d 15 (*®f 14 97 3*5 Mg 4 

R 46 (»») 45.8 ( 77 ) L///(2tl 

46.1 ( 77 ) L//(2jJ 

Resonance lines at a and 5; complete arc spectrum at c; spectrum of Mg* at 
d if s ia great (>«). With » small. Mg 4 lines 35 - 3 P at 12 volt, 3 P - 45 and 
3P - 3D at 16, and 3D - 4 F at 19 volt (**). These equal c + exciting poten- 
tials of Mg 4 . Mg — * Mg 44 requires 22.58 volt. 

Mn25. . a 7.40 (»*) «5[4,] 

6 15.7 («®> * ° 2 ) 7 5 Mn 4 

Normal Mn contains (3,)*(4,)*; a gives (3i)*(4,); 6, (3s) *. 


•5(4,1 
7 5 Mn 4 


Mo42 . . 


N7 


7.35 ( 5 ») 


5(5,1 


Nall.. 






14.48 

(”> 

2*5(2t] 





29.56 

( 7, J 

2*P 0 N 4 





47.2 

( 7 ‘) 

2 *P, N 44 

X 


397 

( 49 ) 



AT(lil 

IC 

a 

2.19 

(MS, 

2.09 


2*5 - 2 *P, . 
2*5 - 2*P, i 

I 

b 

5.13 


5.12 


2*5(3, 1 

R. I 

e 

35 ±2 

(79) 




S 

d 

44 ±2 

( 7f ) 





5890 


Resonance lines at a, 35 — 4 P at 4, 3 P — 55 at 4.4, 3 P — 4 D at 4.6 volt, and 
complete arc spectrum ut b (* 0 ); second spectrum at c if i is great, at d if i ia 
small ( 7 »). 

NelO. .'. IC | 16.65 (« 2 ) 18.60 ( 70 ) 2*5 - 3'P, 743.8 

16.77 ( 70 ) 2*5 - 3*Pi 735.9 


IC 


16.65 

(42) 

18.60 

( 70 ) 

2*5 - 3'P, 





16.77 

( 70 ) 

2*5 - 3 l P 2 

IC 

a 

18.45 

< 4J ) 

18 42 

( 7 0) 


I 

b 

21.5 

( 42 ) 

21 47 

(70, 

Lull 2*1 





21.57 

(70) 

Lu( 2*1 


c 

(33.4) 





R 

d 

48 

(8.) 




R 

c 

54.9 

(•') 





Paschen’s lines 1« — 2p excited near a and complete arc spectrum at 6 ( 43 ). 
Second spectrum between d and e if , »s small (•••» 8I ). e =■ e — b. 

Ni28...| I a I I I 8.65 f(»02, «o#)| »F(4,J I 


» 

a 

8 65 [(»<>*» io») 

*P(4,1 

b 

17.15 (I® 2 ) 

*F Ni 4 


Normal Ni is (3»)*(4i)*; b gives (3j) 8 , hut normal Ni 4 is (3j)*, and the lowest 
ionising potential involves the double transition (3») s (4,)* — » (3*)®, requiring 
7.64 volt. (3j)® — » (3j)» requires 18.2 volt. 

08 | I a I I I 13.56 I (•») I 2»P(2d 1 


P15 


Pb82. 



a 

1 


13.56 

(»>) 

2»P(2,1 | 





35 0 

( 7# ) 

2«5 O 4 





54.8 

(78) 

2*Po O 44 





77.0 

(78, 

2 *P 0 444 

X 

b 

528 

( 4f ) 

510 

(*•)- 

K ,(1,1 



b from K a + a 


• 





19 82 

( 7 ) 

3»P„ P 4 1 





30 04 

(•) 

3*P, P 44 1 




T~ 

64.74 

(*) 

3*5 P 4444 

R 


126 

(83, 



^///(2tJ 

IC 

a 

1.26 

( ,7 > 

0.96 

(39) 






to 

% 






2.6 





7.9 

(* 7 ) 

7 38 

(39) 

e^Poie-i 





43.7 

C 3 ) 

6*5 Pb 4 ' 4 


a gives 6 •P,.*. 0 1 Z>, and 7 *tS 
I | 9 5 |( 4 «. *o») | 


Pd46. . . | | a | | | ' 

Normal Pd contains (4i)'\ a gives (4*)®. 
Rb37. . . I IC I a I 1.6 I ( 3 «) I 


IC 

a 

1.6 

(32) 

1.55 





1.58 

I 

6 

4.1 

( 3J > 

4.16 

R. I 

e 

16.0 

(79) 


R 


21 6 

(79, 


R 

d 

25.2 

(”> 



‘5(4,1 

6*5 - 5*Pj 
5*5 - 5*P, 
5*5(5,] 


71*48 

7800 


Resonance lines at a, complete arc spectrum at 6 (® 2 h 
with i great, at d with i small ( 7# ). 


Spectrum of Rb 4 at c 
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Table 1. — (Continued) 



163 


Sc21. 


a 

b 


10.31 
47.08 
87.68 

(") 

a measured in H»S 

6.57 


(••) 

(•) 

(10, 


12.80 
25.1 


( 101 , 104 ) 

( 101 , 104 ) 

(”) 


Normal Sc ban (3i)(4i)*; o gives (3d(4i), b gives (3j). 
8^34... | I | | 12 7 | (U«) ‘ 

Meaauted in vnr>n 

Sii4 ... 


3*P(3»| 

3 *P, 8 *"*“*■ 
3*8 8***** 
Lilli 2il 

■D(4i| 

»1> 80* 

* D 8c** 


Table 2. — (Continued) 

Molecule | 


4»PI4,J 


Meaaufed in vapor which was not purely monatomic 

t I _ _ . 1 _ _ a 


08 


7.94 
16.27 
31.66 
44.95 


(”) 

(>«) 

<“) 


Sn50. 


Sr 38. 


Ti22 


o 

6 


<«•) 

a measured in 8iH« 

7 30 
14.5 
40 40 
1.79 
2 68 
5.67 
. 10 98 

8r -♦ Sr** requires 16.65 volt 

■ a 


( T4 ) 

(4*) 

(»») 


T181 


6 80 
13.60 
28 

> * > i i 43 . 1 

Normal Ti has (3,)»(4i)». b gives (3,)«. * 


(101) 

(lot, 

(»•») 

(!•*> 


3»P43.I 

3*Pi Si* 
3 ‘8 8i** 
3*8 8i*** 
Liij[2i] 

6«Pa(5il 
5*P, 8n* 
5*8 8n*** 
5'8 - 5 »P, 
6 '8 - 6«P 
fl*8(5»| 
5*8 8r* 

V[4i] 

«F Ti* 

•D Ti**. 
•DTi*** 


C 4 H,oO, Ethyl 
CtH», Benzene 


ZnCl 


V/ 

1 Vic 

1 Lit. 

11.5 

6.5 

(•) 

14.8 

• • * 

(•«) 

14.4 


(»«•*) 

16.3 


(••.I) 

12.3 


(•*•») 

11.5 


(•«.!) 

12.8 


(••-*) 

13.6 

6.6 

(•) 

9.6 

6.0 

(•) 

8.5 

6.2 

(•) 

10.0 

6.5 

(•) 

12.1 


(»») 

12.9 1 


(*') 


6893 

4607 


1 


• Assuming that the vibration ernes limits measure the work of dissociation 
into a normal and an sadted atom, the excited state being *p| (*•»), Deb m 

2 47, Z>B r - 1.96, Z>i # - 1.53; thermochemical data give 2.47, 2.00, and 1.50, 
respectively (*», 44). 

• f Near Vjc visible band spectrum is excited; near Fj, the ultra-violet bands 

and first atomic line spectrum; at 21.0 volt, second line spectrum (•«). For D, 
«« preceding note. 

. V *J r U f e of J Vr *** the computed values for dissociation 

r.wr?* ^ “ d R ? but PR Bhovn> (t) that for HCl Primary product 
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Table 3. — ( Continued ) 
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Three other spectroscopic levels between e and /. From vibrational states of normal level ( 4 ), 
D "• 11.2; from beat of combustion and D for Oi, D « 10.8; mean D — 11.0. From vibrational 
states, — 0.8. As /*(« Im + D* — D) * 14.2(/) -f 9.8 — 11.0 — 13.0 is, within experi- 
mental error, » Ja of 0 (— 13.66, Table 1), the dissociation of CO probably gives C and 0*. 

* Mean error - ±0.1. 
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DIELECTRIC CONSTANT AND DIELECTRIC STRENGTH 


Complete Index 

Standard liquids. 

Solid industrial insulators, Vol. 
II, p. 310. 

liquid industrial insulators, Vol. 
U, p. 305. 

Other industrial materials; oee 
class of material; consult 
final index. 


Index Complet 

Liquidea 6 talons 

Matures isolantes industriels 
solides, Vol. II, p/310. 

Mati&res isolantes Industrifelles 
liquidea, Vol. II, p. 305. 

Autres matures industrielles; 
voir class© des matures; 
consulter I’index finale. 



ementary substances, pure 
inorganic compounds and air. ... 


Substances 616mentaires, com- 
poses inorganiques pure et air. 


All other materials, including Toutes lea autres matures y 
all single crystals. compris to us les cristaux 

isoies. 

High voltage corona. Dfcharge en couronne. 

INTRODUCTION 

The dielectric constant («) of a material is a measure of the ratio 
of the electric displacement (D) to the electric field intensity (E), 
D m *E/4rr\ for a vacuum, « =* 1 cgse unit. The value of < may 
be determined from the measurements (1) of electrical capacities, 
(2) of mechanical forces between charged conductors, or (3) of 
the wave lengths of electrical waves. All three methods yield the 
same result, except in so far as the value of « varies with the 
frequency (r) of E. If electrical wayes experience absorption in 
the substance, the index of the absorption ( v . Vol. J, p. 34) being k\ 


Gesamt Index Verzeichnis 

No rm al fltissigke i ten . 

Feste Isolatoren der Technik, 
Bd. II, 8 . 310. 

FlOssige Isolatoren der Tech- 
nik, Bd. II, 8 . 305. 

Anderes technisches Material; 
siehfi unter Natur des Mate- 
rials; berucksichtige den 
Schlussindex. 

Elementare Stoffe, reine anor- 
ganische Verbindungen und 
Luft. 

Alle anderen Materialien ein- 
schliesslich der Einkristalle. 

Hochspannungskorona. 


Indice Completo p aOB 

Liquidi campioni 81 

Isolatori solidi industriali, 

Vol. II, p. 310. 

Isolatori liquidi industriali, 

Vo). II, p. 305. 

Altri materiali industriali, 
consultare l’indice in fondo. 


Elementi, composti puri 
inorganici, e aria 74 

Tutti gli altri materiali, 
inciusi tutti i cristalli 

singoli 81 

Corona ad alto voltaggio . . 107 


then e = (1 k where Ao[X] — wave-length, for frequency */, 

m vacuum [in substance]; values of e so obtained are accompanied 

by the corresponding values of k\ if known; when k' is not given, 

it fa believed to be too smaU to affect the value of * within the 
stated limits of accuracy. 

For variation of , with E, v. p. 106; with magnetic field, n. p. 105 
with illumination, v. p. 79. 

The dielectric strength (S) of a material fa defined as the mini- 
mum value, in the material, of the electric field intensity (E) at 
which a disruptive discharge occurs. In many cases it appears 
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doubtful if S is a constant, characteristic of the material, as it 
frequently appears to vary with the nature of the electrodes and 
with the distance between them. As the determination of the 
actual maximum value of E occurring in the field at the instant of 
discharge is difficult, the value of S is frequently merely indicated 
by stating the kind of electrodes, the minimum distance (l) 
between their surfaces, and the difference in their potentials at the 
instant of discharge, if the difference is increasing slowly and con- 
tinuously (D.C.). If the voltage is alternating (A.C.) either the 
effective ( V ,) or the maximum ( V m ) value of the alternating poten- 


tial difference of the electrodes is stated. If the potential differ- 
ence varies as sin U, V m - 1.4147,. Electrical oscillations in the 
circuit may introduce serious errors and injure connected appara- 
tus, and should be prevented from reaching the terminals by the 
insertion, in series with each terminal, of a non-inductive resistance 
of at least one ohm per volt. The effect of surrounding objects in 
modifying the electrical field must be considered, and very definite 
specifications for the construction of the gap must be followed if 
accurate values for the potential difference corresponding to a 
given spark length are desired (c/. p. 79, 80). 


CONSTANT AND DIELECTRIC STRENGTH OF ELEMENTARY SUBSTANCES 

PURE INORGANIC COMPOUNDS, AND AIR 

H. L. Curtis and F. M. Defandorf 


Contents Matieres • 

Dielectric constant, Curtis: Constante di&ectrique, Curtis: 

Gases. Gaz. 

Solids and liquids. Solides et liquides. 

Air. Air. 

Water, ice, and steam. Eau, glace et vapeur. 

Effect of illumination. Effet de l’fclairage. 

Dielectric strength, Defandorf: Cohesion di6lectrique, Defan- 
dorf: 

Gases. Gaz. 

Air: sphere-gap data. Air: donn6es relatives k une 

ouverture entre spheres. 

Air: needle-gap data. Air: donn6es relatives k une 

ouverture entre pointes. 

Symbols. — l «= liquid, « « solid, Ir » room temperature, v.p. = 
vapor pressure of the saturated vapor at the temperature indicated. 
« =* dielectric constant, v = frequency of field used in obtaining 
c. 8ucb. expressions as “(80 p 160)” and “(10° t 100°)” indicate 
that the accompanying coefficients apply so long as p [<] lies 
between 80 and 160 [10° and 100°]; “25; 45” in the temperature 
column indicates that the same value was found at 25° as at 46°. 
Other symbols unexplained in VoL I, p. 16, will be defined where 
used. 

No data have been found for the dielectric strength of any solid 
or liquid included in this section. 

Table 1. — Dielectric Constant («) of Pure Inorganic 

Gases 

(«* - 1) - («o - 1)[1 + orf(10)”* + #>(10)-1; € - 1 - (ap + 
bp*) (10)T 4 “ 3cdi[l 4* cdi(10)"*l(10)“«, where di =** specific grav- 
ity of the gas with reference to itself at 0°C and 1 atmosphere. 
« » 1 + 0.001A; 9 ** A X 10". Unit of « « 1 cgse unit; of p « 1 
atmosphere; of r - 1 cycle /sec; of t = 1°C. 
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173, t = 13. 

See Table 4 
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Table 1. — (Continued) 
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39 

(») 


1.4 

63.1 

747 

55 

( 5 ) 


1.4 

68.7 

741 

63 

(») 


1.0 

90.5 

741 

84 

(*) 


1.3 

92.1 

747 

85 

(*) 



l 

» 

P 

i x 

n 


NH, 

8.371 1 

0 

1 

Audio 

(») 


9.2 

- 30 

1 

1 

- 6 

(*«*) 


7.2 

0 

1 

1 

6 

(182) 


4.0 

100 

1 

1 

6 

(153) 


2.7 

185 

1 

1 

6 

(153) 

CO 

0.69c 

0 

1 

0 

0 

(12, 15, 75) 


0.70 

0 

1 

’ 5 

1 

(104) 


2.63 

-189 

1 

Radio 

(105) 

CO, 

0.98** 

0 

1 

<.2 

6 

(5, 12, 4», 







75, 104, 







108, 134, 





1 


135) 


0.98ft 

0 

1 

1 

6 

(153) 


1.41 

- 73 

1 

Radio 

(106) 


5o 

0 | 

v.p. 

0 

0 

(135) 

c = 

332, t = 

13.5 (10 p 50) 

0 

0 

(93) 


8 

15 

10 

0 

0 

(62) 


. 19 

15 

20 

0 

0 

(82) 


37 

15 

30 

0 

0 

(82) 


62 

15 

40 

0 

0 

(82) 


See also Fig. 2 





cs, 

2.9 

0 

1 

* 0 

0 

(75) 

• 

3 2ft 

0 

1 

0 

0 

(«) 

Air. 

1 See Table 3 

i 1 





Xa .5 (0° t 100°). j See Fig. 1. 

T « - -7.75, 0 - 31 (18° t 108°) audio (»). 

**<* - (3 71 + 0.05p) (9° t 66°) (1 p 5) (**«» *»»). 
ft a - -4.3, 0 - 11 ( — 75° t 200°) (»•*). 

XX a - -3 7 (85° t 130°) (•). 


Table 2.— Dielectric Constant (e) of Pure Inorganic 
Solids and Liquids and Its Variation with Tempera- 
ture (<), Pressure (p), and Frequency (p) 

For SiO,, v. p. 341; for single crystals, v. p. 98 


From certain solids it is difficult, or even impossible, to prepa 
plates which are sufficiently homogeneous to be used for a dire 
determination of the dielectric constant («) of the material. ] 
such case, it is customary to deduce « from the effective dielectr 
constant (*') of a dry plate formed by compressing the powder* 
substance, or from the effective constant (« 4 ) of such a pla 
when saturated with a liquid (dielectric constant = «") which doi 
not dissolve the powder. For such deduction, one or another i 
the following equations is generally used: 

, , {l ) £ -W* ~V- D/ d '; (2) (« - 1 )/<*(. + 2) - (.' - i)id ' ; 

+ 2) - (3) (« - !)M« + «) = («'- D/d'W + n); (4) (« - 


< ")/d * («, — t")/d’. Here d ~ density of the substaqce, d' = 
density of the dry plate, and n is Wiener’s number (* ® 2 ). 

All liquids are under the pressure of -saturated vapor unless con- 
trary is indicated in first column. In column (2), l ** liquid, s =■ 
solid, U = intermediate between liquid and solid, P indicates « was 
deduced from effective constant of a plate of compressed powder, 
its subscript indicates equation used. 

= + a(f - fo)(10)-> + {3(t - <o)*( 10)-*;«, = «o(l + ap(10) -4 

+ bp , (10)“ 8 ); p = A X 10" 




Unit of e = 1 cgse unit, of p 
of t = l°C 


1 atmosphere, of p = 1 cycle/sec 


Formula 

(2) | 

*«0 

^0 

A \ 

w i 

Lit. 


Br 


A-Table. — The A-Arrangement 


C (Diamond).. . 


Cl 


H (p = 1). . 

(p = 1).. 


He (p =* 1) 


I 


0(p 

(p 


1) 

1) 


l 

l 

8 

8 

l 

l 

l 

l 

l 

l 

8 

8 

l 

l 

l 

8 

8 

l 

l 

l 

l 


** 


P(p = D ( 


8 


(Yellow) 8 


Sllll (P 

(p 


1) 


1) 


Se 


U 
8 
8 
8 
8 
6 
8 
S 
8 
8 
P 

S 
8 
8 
8 
8 
8 
8 


3.2 

3.1 
16.5 

5.5 
1.97* 
2. Of 

1.9 
1 . 22 | 

1 225§ 
1.253|| 
1.211 
1.21 
1.048 
1.058 
1.056 
10 
4 

1.465 
1.493 
1.46 
1.51 
3.85 

4.1 

3.6 
3.42 
3.98 
4.22ft 
4.0 
401ft 
4.38 
4.05ft 
3 80§§ 
4.03 
4.03 

4.2 

4.7 
3.2411 
4.0311 
4.00H 
6.13* 
7.44 
6.14*** 
6.6 


23 

(a 
Ir 

0 
0 
14 
-253 
-253 
-259 
-259 9 
-259.1 
-268 .9 
-27^.8 
-271 3 
23 

-182 
-182 
-182 
-203 
20; 45 
20 

f« 

400 
115 

(ft 
(ft 
0 

(ft 
(« 

(ft 
(ft 
(ft 
16 
17 
25 
25 
25 
20 

(ft 
20 

(« 


1 | 8 

1 1 8 

Audio 

1 I 8 

0 | 0 

Audio 

2 6 

1 5 

6 ’5 

1 5 

6 5 

1 5 

6 5 

6 5 

fi 5 

1 8 

1 8 

0 0 

0 0 

1 5 

1 5 

1 8 

1 8 

1 8 

Audio 
Audio 
Audio 
0 


0 
0 
0 
•5.0 

5.0 

8.0 
9.3 
1 
1 

3.8 

5.0 

7.5 

5.0 


0 

0 

1 

1 

1 

1 

3 

6 

10 

10 

10 

1 


Audio 


2.4 
1 


7 

8 


*« - —3.0 ( — 70° t 10°) (•*). 
t a - -3.5 (0° t 140°) («). 
t<* - -2.8 ( — 259° t to) (»«). 
I a - -3.2 (-259° < to) (*«•). 
R a - -3 (t, t - 253°) (148). 


(114) 
(117) 
(103) 
(117) 
(82) 

(38) 

(26) 

(16) 
(148) 
(145) 
(148) 

(145) 
(148) 

(146) 
(146) 

(114) 
(117) 
(63) 

(“) 

(16) 

(16, 146) 

(115) 
(115) 

(117) 
(103) 
(103) 
(103) 

(53) 

(118) 
(130) 

( 41 ) 

( 41 ) 

(130) 

(«) 

( 46 ) 

( 74 ) 

(79) 

(79) 

(79) 

(138) 

(103) 

(138) 

(117) 


H « - 45 do t -259.1°) ( 148 ). 

•*« - -2.2 (tot - 183°) (!•» 144 ). 
tt Freshly crystallised. 
tta - +1; (-140° t 80°) (nt). 

II Several months old. 

10- (8T) Wer ' ^ 8015(1 8 “ 003 % Et 16 ° C ' r " 10 * (4 ‘>i - 0 6 % »t <ft. , - 

fi From deviation of waves by a prism. ^ 

*** Vitreous; in dark. 
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Table 2. — ( Continued ) 


Formula | (2) | | < 0 | A 


S-Table. — Standard Arrangement; v. Vc 

H,0 See Table 4 

HC1 I | 4.60 27.7 4 

l 8.85 - 90 4 

HBr I 3.82 24.7 4 

l 6.29 - 80 4 

HI I 2.9 21.7 4 

l I 2.88 - 50 4 



Lit. 


HC1 

. 1 

| 4.60 


l 

8.85 

HBr 

. / 

3.82 


l 

6.29 

HI 

. 1 

2.9 


l 

2.88 


8 

3.95 

SO, 

. 1 

15.6* 

(p - 1)°.°. 

. 1 

13.8 


l 

12.4 

SO, 

. 1 

3.56 


8 

3.64 

H,S| 

. 1 

5.75* 


H1SO4 ( p = 1). 

S,C1, 

S0C1* 

SO, Cl, 


>84 § 


N,0 


(P-1).. I 


N,0 4 

NH,. 


1 )... 


Cp - 1) . . . I 22 

l 25.4 
« 4.01 

HNO, 8 2.4 

NH4CI P, 7.0 

NH,Br P, 7.1 

(NH«),SO« P, 3.3 

PH, I 2.71 

l 2.55 

PCI, I 3.72 

l 3.4 


POC1 

PBr, I 3 88 

PI. I 4.12 

8 3.66 

AbH, I 2.05 

l 2.74 

AaCJi I 12.35 

.(p- 1)... I 12.8 

l 12.6 
8 3.6 

AaBr, I 8.83 

(p - 1).., l 9.3 

8 3.33 

8 3.4 

AbI, I 7.0 

8 5.4 

SbH I 2.58 

l 2.93 

SbQ, I 33 2 

a 5.34 


l 14 


AbH, 


AflBr, 


AbI, 


SbH 


(P- 1)... I 

8 

8 

I 


sbci, 


- 50 

- 70 
0 
15 
22 
21 

19 
10 

20 


- 34 

- 77 

- 90 

tn 

Ir 

17 

- 25 

- 60 

18 
22 
22 
18 
65 
20 
15 

- 50 
21 
20 

17 

- 50 
35 
35 
20 
20 

150 

18 

- 50 

- 80 
75 


•a - -78 (0° t 150°) (»*). 
t 8ee Fig. 1. 

t <* - -23. 0 - -26 (1*180°) (»«). 

I d — 1.86 c/cm*. 

la - -6.1 (-6° I 14°) (•»). 


Audio 
2 8 

1 8 

1 8 

1 8 

Audio 

1 I 8 


3.8|| 

-180 

1 

4.8 

22 

1 

9.05 

22 

1 

9.15 

22 

1 

8.5 

22 

1 

1.6071 

0 

0 

1.933 

- 90 


2.56 

15 

1 

2.6 

- 40 

1 

14.9 

24.5 

4 

15.5 

20.5 

4 

16.2 

14 

2 


4 

4 

4 

1.2 

1 


8 (113) 

8 (113) 

8 (113) 

8 (113) 

8 (113) 

8 (113) 

8 (110) 

) (* 7 ) 

8 (* 7 ). 

8 (H4) 

8 (H4) 

8 (H4) 

> ( 38 ) 

8 ,(140) 

2 (28) 

8 (114) 

8 (114) 

8 (114) 

8 (140) 

o (M) 

(63) 

8 (113) 

8 (115) 

8 ( 96 ) 

8 (•«) 

6 (26) 

8 (52) 

8 (»5) 

8 (96) 

2 (28) 

6 ( 7 ») 

6 (”) 

6 ( 7 «) 

8 (96) 

8 (••) 

8 (115) 

8 (114) 

8 (114) 

8 (115) 

8 (118) 
8 (115) 

8 (116) 
8 (116) 
8 (114) 

8 (140) 

8 (115) 

8 (118) 
8 (116) 
8 (140) 

8 (118) 
8 (146) 

8 (115) 

8 (115) 

8 (98) . 

8 (••) 
s < 1M ) 

8 (114) 


Formula 


SbCl. 

SbBr, 

Sbl, 

C(V 

CS, (p - 1). 
(P - 1). 
(P - 1). 
(P = 1). 
(P * 1). 


Table 2. — {Continued) 


(2) | €, 0 




SiO, 

SiCl* 

SnCl, 

PbO 

PbFt 

PbCl, 

PbBr* 

Pbl, 

PbS 

PbSO, 

Pb(NO,),.. 
Pb(CHO,), 
PbCO,. . . . 

T1C1 

TlBr. 



CuO 

CuC1i.2HiO 

CuSO, 

CuS04.5H,0 .. . . 


AgCl 

AgBr 

AgCN 

FeO 

FeF,.3H,0 

CrF,.4H,0. 


3.2 

25.9 

3.6 

4.2 
6.0 
4.9 

.2.4 

17.9 

14.3 

37.7 

2.6 

18.6 

46.9 

53.8 

9.4 

3.2 

4.8 
18.1 

7.6 

10.3 

7.8 

5.5 
11.2 
12.2 

5.6 
14.2 

7.3 

6.8 


21.51 1 


100 

20 

175 

20 

0 

46 

25 

20 

20 

19 

17 

15 
13 

0 

0 

0 

10 

- 75 

- 95 
-100 
-105 
-110 
-180 
-185 

16 
22 
15 
tu 
t* 
17 
Ir 
tu 
15 

17 

18 
17 
15 
Ir 

tR 

ta 

17 

17 
15 
20 

18 
18 
15 
tR 

tR 

tR 

15 

Oft 

M/ 

21 


Audio 
Audio 
1.2 2 

8.5 5 
Audio 

4 8 

1.5 8 

7 2 

Audio 

5 | 5 
Radio 
Radio 

1.2 2 

5 5 

5 5 

5 5 

5 5 

5 5 

1.2 2 


1 

1 

1 

l 

1 

1 

1 

1 

1 

1 

6.3 

1 

1 

1 

1 

1 

1 

1 

1 

6.3 


6.3 

1 


6.3 


8 

8 

8 

6 

6 

6 

6 

6 

8 

6 

7 
6 

8 
6 
6 
6 
6 
6 
8 
7 
7 

7 

8 
6 
6 
6 
S 
7 
7 


Lit. 


(114) 

(n») 

(ii») 

(n # ) 

(n*) 

i (**. 1*») 

(*«) 

(. 4 ) 

(* 7 , 4 *) 

(T«) 

(**) 

(*•) 

(»») 

(»*») ' 
( 11 *) 

(") 

(10.) 

(**) 

( 17 , 4 *) 

( 7 «) 

(”) 

( 71 ) 

( 7I ) 

( 7 >) 

(* 7 . «») 


(“«) 

(114) 

( 111 ) 

(»‘) 

( 7 *) 

(**) 

(. 1 ) 

(1*1) 

( 7 «) 

( 7 . * 7 ) 

( 7 *) 

(1*1) 

( 7 *) 

( 7 ») 

(«) 

( 7 «) 

( 7 *) 

(1U) 

( 7 -* 7 ) 

(T,« 7 ) 

( 7 - * 7 ) 
(1*1) 

( 7 *) 

( 7 *) 

( 7 *) 

( 1 * 1 ) 

( 7 > * 7 ) 
(7, *7) 


|a - +9 I-18P t -IXT) 
*• - IBS’ to -110°. 


• Pig. 2. 

ta - -3.9 (-7.8° 1 17.8°) (•»); a - -1.7, fi - -11# (-8° » 30°) ('»»>. 
I » - 0.723, b - - 0.722 (1 p 3000) (»•). 

I a - 0.728, b - - 1.33 (1 p 800) (••). 

I a - 0.787, b - - 3.71 (1 p 110) (>»•). 

1«- -2.81, P - -1.24 (20° I 1 am (1»»). 

••a - —2.8 (—90° I 200°) (»«). 
ft a - -2.8 (—8° 1 87°) (•••). 

«a - -1.9 (10*140°) (*•). 

II a - +0.3 (-186° I -110°) (*>). 
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Table 2. — ( Continued ) 


Formula 

(2) 

*‘0 

^0 

A 

n 

Lit. 

CrOj.Clj (p = 1) 

l 

2.6 

20 

1 

8 

(140) 

VC1 4 

l 

3.05 

25 

4 

8 

(84) 

VOC1, 

l 

3.4* 

0 

4 

8 

(84) 

VOBr, 

l 

3.85f 

0 

4 

8 

(84) 

CaF, 

s 

7.36 

tR 

Audio 

IRISH 

CaS0 4 .2Ha0 • • . . 

s 

5.61 

15 

1 

6 

IRISH 

CaS0 4 .2H 2 0. . . . 

8 

5.66 

tR 

Audio 

(103) 

CaC0 3 

8 

6.14 

. tR 

1 

6 

(131) 

BaF 2 

P 

2.3J 

18 

6.3 

7 

( 7 ) 

BaCl 2 

m 

11.4 

19 

6.3 

7 

(7,67) 

BaCl 2 .2H s O. . . . . 

ta 

9.4 

% 

19 

6.3 

7 

(7,67) 

BaBr 2 .2Ii 2 0 

p 3 

10.9 

19 

6.3 

7 

(7,67) 

Ba(Br0 3 ) 2 .H 2 0 .. 

p 3 

8.0 

20 

6.3 

7 

(7,67) 

Ba(I0 3 ) 2 .H 2 0. . . 

Pa 

12.9 

18 

6.3 

7 

(7,67) 

BaSO< 

P 4 

11.4 

15 

1 

8 

(131) 


P 

3 . 3 § 

18 

6.3 

7 

( 7 ) 

Ba(NOa), 

Pa 

5.9 

18 

6.3 

7 

( 7 ,6 7 ) 


P< 

9.15 

15 

1 

8 

(131) 

Ba(CNS) 2 .3H 2 0. 

Pa 

12.8 


6.3 

7 

(7, 67) 

BaCr0 4 

P 

4.25|| 

18 

6.3 

7 

( 7 ) 

NaF 

Pa 

3.9 

19 

6.3 

7 

( 7 » 67) 

NaCl 

8 

6.12 

tR 

Audio 

(103) 


8 

5.81 

tR 

1 

6 

(131) 


S 

9.3 

tR 

4 

9 

(80) 

• 

Pa 

6.3 

19 

6.3 

7 

( 7 » 67) 

NaC10 4 

Pa 

5.4 

19 

6.3 

7 • 

(7,67) 

NaBrO, 

Pa 

7.7 

19 

6.3 

•7 

( 7 » 67) 

NaNO, 

8 

5.2 

tR 

0 

0 

( 4 ) 

Na,COi 

Pa 

8.4 

20 

6.3 

7 

(7,67) 

Na 2 CO 3 .10H,O... 

Pa 

5.3 

20 

6.3 

7 

(7,67) 

KF.2H a O 

Pa 

5.9 

20 

6.3 

7 

(7,67) 

KC1 

8 

5.03 

tR 

Audio 

(103) 


Pa 

4.9 

19 

6.3 

7 

(7,67) 


Pa 

2.4 

17 

1 

6 

( 7 <) 

KClOj 

Pa 

5.1 

18 

6.3 

7 

(7,67) 


P4 

6.2 

15 

1 

8 

(131) 

KBr 

8 

4.6 

tR 

1 

6 

(72) 


Pa 

4.7 

18 

6.3 

7 

(7,67) 

KI 

Pa 

5.6 

18 

6.3 

7 

(7,6D 


Pa 

5.2 

tR 

1 

6 

(72) 

K 2 S0 4 

Pa 

5.9 

19 

6.3 

7 

(7,67) 


P 4 

6.4 

15 

1 

8 

(131) 

KNO, 

8 

2.7 

Ir 

0 

0 

( 4 ) 


Pa 

5.0 

19 

6.3 

7 

(7,67) 

k 2 co 3 

P4 

5.6 

15 

1 

8 

(131) 

K 2 C0 3 .2H 2 0. . . . 

Pa 

6.6 

20 

6 3 

7 

(7,67) 

K 2 Cr0 4 

K 2 A1 2 (S0 4 ) 4 .- 

Pa 

7.3 

19 

6.3 

7 

(7,67) 

24H 2 0 

Pa 

3.8 

17 

1 1 

6 

(74) 


* a - -0.4 (-70 ° t 26°) (*«). 

t a - -8 (-70 ° * 30°; (•«). 

t For plate, d' *= 1.6 g/cm\ value not reduced. 

5 For plate, d' ** 1.9 g/cm*, value not reduced. 

|| For plate, d ' » 1.85 g/cm*, value not je»;jc = 1. 
# • 


• Table 3. — Dielectric Constant of Air 

t~i 1 2c\d\ 

For gaseous air, « = = 1 + 3cid, + 3 c\d\ + . . . = 

1 -f 3c,d,(l +c,di) + • • • ; d x - p/(l + 0.003665/) if unit 
P “ 1 atmosphere, of < = 1°C. « is independent frr 

quency. If we write c,=cX 10" 8 , c = 195; tested and fbui.'i 
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Fio. 4. — Dielectric constant («) of ice: Variation with frequency (r) and temperature (I) (*•). 

Unit of w - 1 kilocycle/sec; of < - 1 cgse; t - °C. 


constant for (0 p 175); (0° t 70°) (», 19, 49, 51, 75, 92, 94, 104, 126, 
127, 135, 139); a t very j ow temperatures, c is a few per cent greater 
than 195; at — 185.5°C, « — 1 = 0.001890/p. * =» frequency, 
cycle/sec. Unit of « = 1 cgse; of p = 1 atm.; of t = 1°C. 


Gaseous, p = 1 

Liquid, p = 1 

1 . | Lit. 

1 ^ _ ■ 

f | « | y Lit. 


-185.5 


1.00189 


(106) 


185 

185 


1.432 
2.28 


(?) 

7.5 X 10* 


(103) 

(8i) 


Table 4.— Dielectric Constant («) of H,0; Steam, Water, 

and Ice 

l nit of c = 1 cgse unit, of p * 1 atmosphere, of y = 1 cycle /sec; 
of t - 1°C. 

Steam, p - 1, (140° l 150°): « = 1.00785 - 0.00016 (< - 140°) 
(*)• If (0 p' 40) (40° t 165°), . = l + (9.3 - 0.026(f - 40)]p' X 

10 * , where unit of p' =* 1 mm of Hg (18*). 

Water, p = 1, (0° | 100°) (6 * 10*); « * 80 - 0.4 (t - 20°), 

(16, 23, 24, 28, 50, 65, 69, 73, 74, 86, 90, 91, 105, 107, 109, 110, 121, 

122 , 128 , 131, 133, 150). For „ > io« t the value of < is uncertain; 

two observers (* ** 1 1 1 ) f using standing waves along wires, find 


c decreases as y increases (see Fig. 3); another ( 79 ), from measure- 
ments of refraction, concludes that the reverse is true. 

At 16.3°C, r - 6 X 10 l * * * * * 7 (7 p 200), « = 81.5 + 0.0046p (*•). 

Ice, at — 5°C (10 7 r 10*), « - -0.08 + 0.34 logio r (»•). For 
variation with v and t, see Fig. 4. Other determinations are 
tabulated below. 

/ 


i 

t 

•t.y 

i i 

1 

t 

1 

y = 50(i*») 

y - 120*(*7, 45) 

1 r - 320 (**) 

- 2 

94 

- 80 

31.5 

- 7 

51 

- 10 

95.2 

- 90 

20.2 

- 47 

3.6 

- 18 

96.5 

-100 

14.5 

Audio (*) 

-182 

3 

-110 

8.6 

- 80 

3.8 

r - 120* 

(27, 48) 

-120 

6.1 

.-5X10' (*) 

• - 20 

59.5 

-130 

4.7 

0 to -24 

3.8 

- 30 

59.0 

-140 

3.5 

r - 10 7 0*») 

- 40 

58.5 

-150 

2.7 

- 2 

3.4 

- 50 

56.0 

-165 

2.43 

- 5 

2.3f 

- 60 

49.5 

-185 

2.43 

- 5 

2.8 

- 70 

41.5 

-185 

2.83 

r - 10* (I*) 
-190 | 1.8 


* Condenser charged and discharged by commutator, 120 charges pel* see; 
*« a/so Pig. 5. f From (■•). 
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Table 5— Effect of Illumination upon Dielectric Constant 

( 56 ) 

For a phosphorescent ZnS containing a trace of Cu, a - u = 
Bt<f(l — where ci, ej = dielectric constant in the light, in the 
dark, and J = irradiation of the material. B and a vary with the 
wave-length (X) of the light. For room temperature and v ™ 3 X 
10* cycle/sec, the following values were found. Unit of X = 
lm/i = 10 A; of J = 10““ watt cm - *. 


X 

B 

a 


313 
0.006 
13.2 


365 
0.035 
9.1 


405 

435 

0.042 

0.033 

5.0 

12.4 


— - ur I UUL IPiUKUAWU; 

Gases at 25°C and 1 Atmosphere ( 6 > 13, 64, 70, 76, 85, 97, 120 , 

132, 147, 149) 

For other pressures, v. (61, 62, 97, 141, 147) or use Paschen’s 
law ( v . Table 7). Values are not affected by the electrode material 
except in the case of gases of low ionization potential at low pres- 
sure, but are affected by the condition of the electrode surface 
(32, 154) # For a mixture of two gases which do not react chemi- 
cally (6*» 70) (pj _|_ p 2 ) y j. p x y l p a p 2 where pi and p* are the 
partial pressures of the two constituents of the mixture, and V\ 
and V-i are the sparking potentials for the pure constituents at 
25°C and 1 atmosphere. 

The presence of an ionizing radiation does not appreciably lower 
the electric strength of a gas, but makes the individual obser- 
vations more concordant by eliminating the variable, temporary 
excess in voltage, which otherwise occurs ( 6 *» 141, 158). p or 

bibliography and discussion of data pertaining to the electrical 
breakdown of gases, see (120, 156). 

V JVa = potential difference at which spark passes in gas 
divided by potential difference at which spark passes in air, the 
temperature (25°C), pressure ( = 1 atm), terminals, and gap- 
length being the same for e ach. Accuracy, ca. 10%. 

Gas. . 

V/V. 


Cl 

H 

N 

O 

SO ; 

H a S 

NH, 

0.85 

0.65 

1.15 

0.85 

0.30 

0.90 

1.00 




Fio. 5. Dielectric constant («) of Ice: Variation with temperature, v 
constant at 120 charges (and discharges) per second ( 37 > «*). 

Table 7. — Dielectric Strength of Air: Spherical 
Electrodes, 25°C and 1 Atmosphere 
The tabulated data apply to gaps having the following character- 
istics: The electrodes are two spheres of the same diameter; 
variations in diameter should not exceed 0.1% and the curvature 

TK U ^ differ from that of a true sphere by more than 1 %. 

e .spheres must be highly polished if the frequency of the emf is 

Cry ( e 0 > 000 cycle per sec); at commercial frequencies 


and for D.C. potential the degree of polish is much less important. 
Considerable deviation in successive breakdown values may occur 
if the sparking surfaces are not properly cleaned ( 184 , 10 6). 
The diameter of the shanks supporting -the spheres should not 
exceed 0.2 the diameter of the spheres, and if they pass through 
metal collars, the collars should be small and not closer to the gap 
than the length (l) of the latter. Each sphere should be at least 
2 1 distant from all surrounding materials other than air. 

For other temperatures and pressures, multiply the tabular 
values of V by the factor f (or, less accurately, by c);*c = 298 p/ 

(273 -f 0Ao, f = V / c(V / cr -f- b)/y/r -f- 5 , where r = radius of the 
electrode, 5 = 0.54 cm, p = pressure, *A n = pressure of one 
normal atmosphere. Paschen’s law (l47) f V is a function of ( dl ), 
holds throughout the range within which air is essentially an ideal 
gas (6i);c/ ; ( 20 , 21 , 35, 60 , 64, 141). Values of V are independent 
of the humidity of the air and of. the electrode material (32, 98, 99, 
124, 144), d = density, D = diameter of spheres, G = one sphere 
grounded, connected to earth, / = both spheres insulated from 
earth, l = shortest distance between surfaces of spheres, u 
= greatest uncertainty in the data, it is probably several times 
greater than actual error, V m = maximum value of A.C. voltage. 

Unit of D and of l = 1 cm; of = 1 kilovolt = 10“ cgsm unit 
= 3.335 cgse unit. 


x > 

0.25 

0.50 

/ 


V. 

0.01 

1.08 

1.01 

.02 

1.59 

1.51 

.03 

2.06 

2.00 

.05 

2.92 

2.83 

.08 

4.00 

3.92 

.10 

4.73 

4.67 

.15 

6.60 

6.54 

.20 

8.34 

8.26 

.30 

11.3 

11.4 

.40 

13.7 

14.5 

.50 

15.8 

17.3 

.60 

17.4 

19.8 

.80 

19.2 

23.9 

1.00 

20.5 

26.9 

1.20 

21.7 


1.40 

1 60 

22.5 



1.0 


D 


0.86 

1.49 

1.94 

2.78 

3.92 

4.67 

6.42 

8.08 

11.3 

14.4 

17.4 

20.4 

25.7 

29.8 

34.7 

38.3 

41.5 


One sphere grounded 
in all cases 


l 

0.10 

.20 

.30 

.40 

.50 

.60 

,80 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

6.0 

8.0 

u 


2.0 


2.5 


3.0 4.0 


4.62 

7.84 

10.9 

13.9 

16.9 

19.7 

2 . 4.9 

29.5 
33 . 4 - 

36.8 
39 7 

41.8 

43.6 

45.8 

46.5 

48.3 

49.2 
50.0 

50.5 

51.2 

52.4 
5 % 


18.3 

21.4 

27.2 
32.8 

38.3 

43.3 

48.3 
53.1 
5^.4 

66.5 


. 4.50 
7.80 
11.0 
13.8 


37.8 
43.5 

49.0 

54.0 

58.8 

69.3 

78.0 

84.7 

90.4 

92.7 


72.9 

78.0 

82.4 

86.0 

89.5 

One sphere grounds 
in all cases 


8.4 

11.4 

14.4 

17.4 
20.2 

25.4 
30.0 
34.2 



0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.8 

1.0 

1.2 

1.4 
1.6 
1.8 
2.0 

2.5 

3.0 
3.3 

4.0 

4.5 

5.0 

6.0 

7.0 

8.0 


17.1 

20.2 

26.3 

32.0 

37.6 

42.8 

47.9 
52.8 

57.4 

68.3 

77.7 

86.1 

93.4 
100.6 
106.0 
116.4 
126.0 
134 


17.1 

20.2 
26.2 
31.8 

37.2 

42.3 

47.0 

51.7 

55.8 
65.6 

72.0 

77.4 

81.0 
84.2 

86.5 
88 8 
90 0 
90.4 


/ 

4.46 

7.64 

10.6 

13.4 

16.3 

19.5 
25.2 

30.8 

36.4 
41.7 

47.0 

52.6 

57.6 

70.0 

80.9 

93.4 

104.5 
114.7 
125.0 

143.5 

159.5 
173.4 


4.46 

7.64 

10.6 

13.4 

16.3 

19.1 
24.6 
29.8 

35.1 

40.2 

45.3 
50.2 


10.8 

14.0 

17.0 

19.9 

25.5 

31.1 

36.5 

41.9 

47.2 

52.6 

58.0 

70.7 

83.1 

95.2 
106.8 
117.8 
128.5 
147.2 
167 
184 


10.8 

14.0 

17.0 

19.9 

25.5 

31.1 

36.5 

41.9 

47.2 

52.6 
58.0 

70.7 

82.8 
94.5 

105.2 

115.6 

125.5 

143.4 

158 

171 


1 G 

1 G 

4.44 

4.39 

7.58 

7.62 

10.62 

10.52 

13.44 

13 44 

16.30 

16 . 30 ' 

19.07 

19.14 

24.5 

24.6 

29.9 

29 8 

35.1 

34.9 

40.1 

40.0 

45.0 

45. 1 

49.9 
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Table 7. — ( Continued ) 


D 

5.0 1 

10.0 1 

12 

.5 

1 15 0 

1 20.0 

I 

V 

l 

r 1 

G | 

I 

G 

I 

G 

G 

G 

HTKtjHT 

140 

90.9 

186 


200 

182 



10.0 

145 

92 

198 


213 

191 



12.0 

155 

93 

218 


238 

208 



14.0 

162 


235 


258 

220 



16.0 

168 


248 


274 

230 



18.0 

175 


261 


288 

239 



20.0 

180 


270 


302 

240 



25.0 

194 


28 8 \ 






30.0 

207 


294 




1 


35.0 

220 








40.0 

233 








45.0 

248 


u - 5 % in all 

caeca 




Lit. 

(3, 66, 

S3, 11, 

(77, I3S, 16S) 

(”• 

101) 

(77 f 156) 

(”) 


1 36, 1 37, 1 9«) 









/Table 8. — Dielectric Strength of Air: Needle Electrodes, 
25°C and 1 Atmosphere («•» ft, loo, 101, 102, 120, 141, 1S7) 

The tabular data apply to gaps having the following character- 
istics: The electrodes are new sewing needles, No. 00, supported 
axially at the ends of linear conductors at least 21 long. There 
must be no other material than air nearer than 21 to any portion 
of the gap. Needles must be replaced after each spark. A 
needle-gap is not suitable for the measurement of impulsive or high 
frequency voltage. 

For other temperatures and pressures, multiply the tabular 
values of V by the factor f (or c), 9. introduction to Table 7. 
Values of V vary with humidity, and for D.C. differ from V m of 
A.C., h — relative humidity, u — greatest uncertainty in the 


data, it is probably several times greater than actual error, V t « 
effective A.C. voltage. Unit of / * 1 cin; of h = 1%; of V, V„ 
! r » = 1 kilovolt = 10 u cg8m unit * 3.335 cgse unit. 


h 

0 

57 

70 

mm 

82.51 

l 

\ 

A.C. 

D.C. 

l 

u < 

= 6%, 

F,(60 cycle /sec) 

In 

V 

1 

8.1 

8.1 

8.1 

8.1 

8.1 

Humidity is not 

2 

15.8 

15. 8i 

15.8 

15.8 

15.8 

• 

stated 


3 

23.1 

23.1 

23.1 

23.1 

23.1 


(100) 

(100) 

4 

29.5 

29.5 

29.5 

29.5 

29.5 

t 



5 

34.6 

34.6 

34.6 

34.6 

34.6 




6 

39.4 

39.4 

39.4 

39.4 

39.4 

5.1 

51.0 

52.0 

7 

43.1 

43.2 

43.3 

43.5 

43.7 




8 

46.5 

46.7 

47.3 

47.5 

47.8 

7-4 

62.6 

63.0 

9 

49.5 

50.1 

51.0 

51.3 

51.6 




10 

• 

52.0 

53.0 

54.3 

54.7 

55.6 




12 * 

56.9 

58.4 

61.1 

61.6 

62.1 

10.2 

76 5 

73.5 

14 

62.2 

64.3 

67.0 

68.0 


12.7 

88 3 

82.5 

10 

67.7 

70.6 

73.6 

74.8 

76.5 




18 

73.4 

75.9 

80.1 

81.4 

83.4 

15.3 

08.3 

90.5 

20 

79.4 

83.4 

86.8 

88.4 

90.7 



• 

25 » 

94.1 

99.1 

103.3 

106.0 

108.2 

A.C. L 

9 60 cycle/sec 

30 

109.4 

115.8 

121.0 

123.6 

126.4 




40 

140.0 

148.6 

153.3 

157.0 

162.1 




50 




192 





75 




280 





280 
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w 
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horn. 
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SYMBOLS 

In addition to the symbols and abbreviations defined in Vol. 
I, p 16, and those defined where used, the following symbols will 
be used throughout this section: 

Audio Indicates that the frequency of the field employed in 

determination of « lies within the range of audition. 
Index of absorption; see Vol. I, p. 34, “Absorption.” 
Dielectric constant. 

Frequency. • 

100 (dt/dt) at temperature t. 

For values of t lying between 10 and 45°C. 

For the range 3 to 8. 

6.7e ± 0.04. 

6.7s ± O.lo. 

Table 1. — Standard Liquids 

The substances included in this table are suitable for calibrating 

apparatus used for measuring dielectric constants. Values given 

for d,/dt are suitable for use over range of frequency indicated, and 

over ordinary range of temperature, say from 0 to 30°C; for more 

extreme temperatures, see Table 4. Frequency, » « A X 10*. 

Unit of . = 1 cgse unit; of S./dt = 1 cgsc unit per rC; of »( = A x 
10*) = 1 cycle /sec. 


0, 

(10 < 45) 

3; 8 

6.7o ± 4 
6 7e ± 0.1 


C.H 



«rs° 

de/dt 

Range 

A| n I A\ n 

Bensene 

2 283 
± 0.002 

- 0 . 001 * 

5 

2 

5 

W 9 

8 


Lit 


(*«, T*. 77, 
Its. Ill) 

V7“ u ‘ y Desl ^ 0,,ey ,ound di»P€"ion in range 5.5 X 10« to 6 X 10« 
«w.d observed that in this range value found for * varied greatly with the decre^ 
ment; tee Fig. 1. 

C.H«(CH*)i 


CiHi)*0 


m- Xylene. . 
Ethyl ether 


2.374 

±0.002 

4.335 

±0.005 


-0 00 19 
-0.019 


2 

0 


C«II»NH* 


(CHj),CO 


Aniline 


Change* with time are liable to occur 


8 


8 


-0.025 


7.21 
±0.05 

Not very good. Impurities produce great effect 


8 


Acetone 


21.3 

± 0.1 


— 0.09* ± * 


0| 4 


8 


C»H«CHiNOj 


C.H»NO» 


rv u J . ' ' I I I I I 

Dispersion bands in range 4.3 X 10* to 4.6 X 10* (*«) 


(41, 17. 147, 
TT, 1*1) 
(41, 41, II, 

• 7, 111, 
177, 111) 

(•I, HI, 
111 ) 

(14, 41. 71, 

•I, HI. 

Ill) 


o-Nitrotoluene. 


27.42 

± 0.1 


-0.15 


Audio 

I I 


Value not known accurately at higher frequencies 


Nitrobemene 


35.7 

±0.3 


-0.18 


6 


(ill) 


(•I, 111, 

111) 


Table 2 —Dielectric Constant («) or Pure Organic Gases 
and Vapors: Pressure or 1 Normal Atmosphere; . ~ 

1 + A X 10-' 

C-Ttbie. The C- Arrangement ; t>. Vol. Ill, p. viii 



& 

<, °C 

. Lit. 

CCI4 

Carbon tetrachloride.... 

3.o 

110 

(10) 



2.7 

110 

(160.1) 

CHC1, 

Chloroform 

4.9 

120 

(10) 



3.8 

10 

(160.1) 

CHjClj 

Methylene chloride 

6.5 

100 

(10) 



6.0 

100 

(160.1) 

CH,Br 

Methyl bromide 

6.8 

100 

(142) 

CHiCl 

Methyl chloride 

6.9 

100 

(142) 



6.4 

100 

(160.1) 

CHiI 

Methyl iodide 

6.8 

100 

(142) 

CH,NO, 

Nit romethane 

24.7 

100 

(142) 

CH 4 

Methane 

0.94* 

0 

(21.1, 107, 





146.1) 



0.89 

0 

(142) 


•• 1 

l.Oi 

0 

(166.1) 


CH.O 

CH.N 

C.H, 

C.H.Br 

CiHiCIO 

CjH.N 

C,H 4 

CjH.O 

C1H4O1 

CjHiBr 


CjHjCl 


CfHJ 

C,H*N0 2 

CjH# 

C,H«0 


Table 2. — (Continued) 


Methyl alcohol | 5.7 

6.1 

Methylamine 3.8 

Acetylene 1.34* 

Vinyl bromide 8.1 

Acetyl chloride 21 j 

Acetonitrile 26.4 

Ethylene: 1.44±i 

Acetaldehyde 21.3 

Methyl formate 7.3 

Ethyl bromide 14.6 

13.9 

8.9 

Ethyl chloride . . . 1 14 . 7 

13.9 
8.5 

Ethyl iodide |l4.o 

8.9 

Nitroethane 28.1 

Ethane 1 5 0 

Ethyl alcohol. 6.5 

6.9 


Lit. 


CjHsO Methyl ether 


C S H,N 

C,H 7 N 

CiH»Br 

c,H,a 

C.HjCl 

C,HiN 

C,H,0 

CjH«Oj 

C|Hi6 f 

CiHyBr 

C.HtCI 

C,H 7 C1 

C,H t N 

C,H,N 

C*Hi 


C 4 H,C 1 

C4H10O 


Dimethylamine 

Ethylamine 

3-Bromopropylene 12.9 

2- Chloropropylene 10.9 

3- Chloropropylene 12.8 

Propionitrile 28.3 

Acetone 25.9 

15.0 

Ethyl formate 8.8 

Methyl acetate 7.7 

Propyl bromide 9.8 

Iaopropyl chloride 15.9 

9.8 

n-Propyl chloride Il4 . 8 

9.8 

Allylamine 4.2 

n-Propylamine 5.0 

Butylene 3.1 9 

2.9i 
2.23 
1.74 

a-Butyl chloride 10. 1 

Ethyl ether 7.0 

4.9 


15.5| (107) 
(142) 
(142) 
15. 5| (107) 
(142) 
(142) 
(142) 
(142) 

(*.«> 

(173.1) 

( 10 ) 
(113) 
(142) 
( 10 ) 
(142) 
(142) 
(142) 
(142) 
(142) 
(142) 
(142) 
(142) 
(142) 
(113) 
(113) 
(142) 
(142) 

(142) 

(i A ) 

(*«) 

(««) 

(»«) 

(173.1) 

(IT,.») 

(173.1) 

(173.1) 

(143) 

16.51 (><>*) 


Diethylamine 

0-Amylene 

2-Methy b2-bu tene 

Ethyl propionate 

a-Pentane 

Isopropylethane 

Benzene 

Triethylamine 

Toluene 

a-Heptane 

proportional to p/T, p — pressure. T — absolute temperature 


100 

(113) 

100 

( ,0 ) 

100 

( 14 *) 

100 

(W*> 

100 

( ,4f ) 

120 

( ,,a ) 

100 

( 14a ) 

100 

( ,4a ) 

100 

(10,113,142) 

100 

(« 4 *) 

126 

( IIS ) 

100 

( ,42 ) . . 
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Table 3.— -Dielectric Constant («) of Mixtures of Hydrogen 

and Nitrogen ( 178 > 17 ®) 

Audio frequency; 20°C; P Hj , Pn, = partial pressures of the H 2 , 
Nj; P = total pressure of the mixture. . Unit of P, P H „ P Nj = 1 
atmosphere; of « m 1 cgse unit. 


0.3 

0.4 

0.6 

6.2 

13.3 


1.0004 

1.0069 

1.0092 

1.0074 




39.0 

39.3 

39.8 

65.9 
58.6 


. Hm t T 


24.8 
27.6 

38.8 
21.0 


11.9 
16.6 

36.9 
21.7 


1.0172 
1 s 0138 
1.0133 
1.0186 
1.0255 
1.0211 


Table 4. Dielectric Constant (<) of Pure Organic 
Compounds, and Its Variation with Temperature 
( f) and Frequency (p): Liquids and Solids 
All values of e have been reduced to a basis ^hifch accords with 
the values given for the standard liquids in Table 1. 

For symbols, see p. 82; also, B. P. = boiling point, crit. =» 
critical temperature, M. P.'= melting point, vp = liquid is under 
pressure of its saturated vapor, p = A X 10». Unit of < = 1 
cgse unit; of p = 1 cycle/sec; of t = 1°C. 

<£ -Table. The C-Arrangement; p. Vol. Ill, p viii 
Immediately after oleic acid are data for a few olcates. Some 
' metallic organic compounds are also given in the table. 



2.24* 

2.1o 

2.13 

2.15 

< 2.2 

95 ±4 1 
2.4s 
3.068 

4.5i±6 

4 .65±5 

4.45+0.1 

4.7s 


CC1„ Carbon tetrachloride 

20 1 I 3; 8 I (77, so, 89, 


I 70.7 B. P. Audio 
CN^Og, Tetranitromethane 
20 Audio 

5 Audio 

20 4 | 8 

CHTf, Hydrocyanic acid 
+ 21 3.6 8 

- 25 3.6 8 

I - 70 3.6 8 

CHBrj, Bromoform; M. P. = 7.5 C 

20 Audio 

8 

20 4 8 

25 1 6 


6 . Oo ± 5 1 


CHClj, Chloroform; M. P. = —63.2° 


183) 

( 7 6 ) 

(191) 

(191) 

(189) 

(163) 

(162) 

(162) 

(28, 18C) 
(28) 

(41, 49) 
(161.2) 


• 20 


Audio (28, 42, 77, 

116, 133, 
136, 183) 
(87) 

(87) 

(87) 

(87) 

(87) 

( 77 ) 

(I 7 , 87) 

( 77 ) 

(17, 87, 145) 

( 77 ) 

(28, 42, 116, 
133, 136, 
183) 

( 87 , 145, 

I 77 ) 

(76, 87, 145, 
,77 ) 


'2.76 

3.10 

3.12 

7.0a 

6.47 
6.6b 
5:96 
6.00 

5.48 
5.4o 

5 .05 ± 0. 1 


-186 
- 80 

- 70 

- 60 

- 40 

- 40 

- 20 
- 20 

0 

0 

+ 20 


4.7o* 


4.37 


40 


60 


* d« - -0.14 (20 ( 60) (77). 


t dto - -I .80 (*•. •». »*7). 


3.85 

3.46 

3.05 

4.9a ±0.1 
4.9a 

4 .96 ±0. 1 

5.510.1 

5.1 

62.o 
2.4i 
2.6e 
2.7o 
3.65 
4.8o 
19. os* 

58. 5f 
47.9 

7.110.1 
6.48 


Table 4. — Continued ) 

. t A n 

CHClj. — (Continued) 

100 .. 

140 

180 

20 1 6 

20 6.7 7 

20 4 8 

CH 2 I 2 , Methylene iodide 

19 Audio 

21 5 | 8 

CH 2 Oj, Formic acid; M. P. = 8.4° 


Lri 

(1 7 7 ) 
(177) 

(177) 

(87, 95) 

(193.1) 

(49, 99) 


• 15 2.5 

-187 
-182 
-137 
-L18 
-112 - 

+ 2 4 

16 4 

18.5 5 

CHjI, Methyl iodide 


>84 


20 

Audio 

42.35 B. P. 

Audio 

CHjNO, Formamide 

20 

4 8 

CH 3 N0 2 , Nitromethane 

20 

Audio 

0 

Audio 

101 B. P. 

Audio 

20 

4 | 8 


39.4±2 20 Audio 

0 Audio 

27.75 10.1 101 B. P. Audio 

38.9±8 20 4 | 8 

CH 3 NOj, Methyl nitrate 

I 18 | 3.6 | 8 

CH<N 2 0, Urea 

3.5±2 | 22 | 4 | 8 | 

CH 4 0, Methyl alcohol; M. P. = -95° (see also 
33.7 11 .oj 20 I 1 I 2; 6 


3.2s 

3.55 

4.0 

5.05 

66.8 

56.8 

48.5 

41.8 

37.5 

33.711.0 

33.1 10.5 

12.4 

25 

10.8 
7.9 

<10.5 

2.37 

2.4e 

2 , 5716 / 

* *' - 0.17 («•) 
t dto - -18. A 


20 

-185 
-170 
-160 
-140 
-110 
- 80 

- 50 

- 20 

0 

+ 20 

20 

17 

17 

17 

17 


4 

5 

7 

8 
17 


CHftN, Methylamine 
21 I 3 6 


(183) 

(41) • 

I 

(181) 

(38) 

(38) 

(38) 

(38) 

* (38) 

(49) 

(49) 

( 4! ) 

(183) 

( 7 6 ) 

1(189) 

(191) 

(191) 

( 7 «) 

(164, 189) 

I ( 164 ) 

| ( 174 ) 

) Table 6) 

(2, 64, 95, 

110, 180) 

(38) 

(38) 

(38) 

(38) 

( 2 ) 

( 2 ) 

( 2 ) 

( 2 ) 

( 2 ) 

(2, 64, 95, 

no, iso) 

(44, 49, 190) 
(53) 

(125) 

(53) 

(53) 


(164) 


16 

6.7 

7 

(194) 

21 

3.6 

8 

(!64) 

c ; n 2 , 

1 

Cyanogen 


1 23 

1 3.6 | 

8 

1 (164) 


t k' = 0.08 («•). 

1; n - 3; 8 (*. *«0). 







84 


INTERNATIONAL CRITICAL TABLES 


Table 4. — ( Continued ) 



7 . 6± 2 
3. 42 ±8 

7.58 

6.54 

5.6e 

4.94 

4.56 

4.2s 

5.0 

5.5 

4.55 

3.7® 

3.6o 

12 . 6 ± 2 

7.1 

8.6 


C 2 HBriO, Bromal 

I 21 | 5 . 

C;HC 1 3 , Trichloroethylene 


8 1(41) 


16 


6.7 7 |(i®4) 


CjHCl.O, Chloral; M. P. = - 

57.5° 

P 


- 40 



(127) 


- 20 



(127) 


0 



(127) 


+ 20 



(127) 


40 



(127) 


60 



(127) 


20 

1 

ca. 6 

(127) 


15 

2.5 

7 

(181) 

CjHClaOj, Trichloroacetic acid 



61 

Audio 

I (»»») 

CjHCh, Pentachloroethane 



16 

6.7 

7 

(194) 


25 

1 

6 

(161.2) 


I 20 | 4 | 8 

C 2 HjBr 4 , Teirabromoethane 


20 

2.5 


Audio 

Audio 


C 3 H 1 CI,, Dichloroethylene 


C 2 HjC10, Acetyl chloride 


CtHaClaOj, Chloral hydrate 


3.6?*f 

16 

6.7 

7 

7.55*1 

16 

6.7 

7 

9 . 22 § 

ca. 20 

4 

5 

2 . 2 sl| 

ca. 20 

4 

5 

* 

CjHJj, Diiodoethylene 


4.461 

83 

4 

5 

3.19** 

83 

4 

5 

CaHaClaO*, Dichloroacetic acid 

8.81 

- 10 i 

Audio 

8 . 2 1 

+ 20 

Audio 

7.81 

60 

Audio 

8 . 1 * 


Audio 

10.7 

20 

5 

8 

CjHaCL, «yro.-Tetrachloroethane 

7.8a 

25 

1 

6 

8 . 2 o 

20 

6 7 

7 

C,H»BrO, Acetyl bromide 

16 . 5± 8 

20 

4 

8 


15.9 

20 

Audio 

17.0 

0 

Audio 

15. 8± 8 

20 

• 

4 

8 

25 a 

15 

2.5 

7 

CiHaClOa, Chloroacetic acid 

ca 21 « 

20 

Audio 

ca. 20 . 0 1 

62 

Audio 


13ltt 

42.o 
38.8 
26.2 
36.2±7 

• Mixtures in which the cit and trant forms were separated 

t Cit. X Trant. { Cit, pure. B. P. « 60.25®. R Traht, pure, 
1 Cit, M. P. - - 13.8°. 

** Trant, M. P. - +72®. 
tt fc' - 0.03. 

n v - < 0 . 02 . 


65 

4 

8 

20 

4 

8 

C s HaN, Acetonitrile 


0 

Audio 

20 

Audio 

81.6 B. P 

Audio 

20 

4 

8 I 


(189) 

(191) 

(191) 

(194) 

(194) 

(61.1) 

(61.1) 

(•1-1) % 

(61.1) 

(191) 

(191) 

(191) 

(191) 

( 41 ) 

(181.2) 
(193.1, 194) 

(189) 

(191) 

(191) 

(l #f )* 

(181) 

(191) 

(191) 

(49) 

(49, M4) 

(191) 
(76,191) 

(76) 

f\ 63, 189) 

far as possibly. 

B. P. - 48.35®. 



69 ±1 


35.9±7 


Table 4. — (Continued) 

T | A 

CjHaNO, Glycolic nitrile 
I 20 | 4 | 8 

CjHjNS, Methyl thiocyanate 


20 


8 


19 . 7± 7 


1 1 

CjHaNS, Methyl isothiocyanate 

8 


(189) 

(54, 124, 
159) 


37 


(54, 124, 
199) 

CtHaBr*, Ethylene bromide; M. P. - + 10° 


4.86s ±0.015 

2.69 

2.70 
2.7? 

2.94 

2.9? 

2.9s 

4.865 ± .015 
4.09 

4.70 

6.8 


18 
-185 
-150 
- 80 
- 60 

- 50 

- 30 
+ 18 

131.3 B. P. 
25 
20 


Audio 


1 

5 


6 

8 


(42, 91, 181) 
( 68 ) 

( 68 ) 

( 66 ) 

( 68 ) 

( 68 ) 

( 68 ) 

(42, 91, 183) 
(76) 

(161.2) 

(«*) 


C 1 H 4 CL Ethylene chloride; M. P. = —35.5 


10 . 5± 3 

20 

1 

3; 6 

, (»*,»««,» 





1 87. 191) 

11.6 

0 

* 

Audio 

(1.1) 

10.44 

20 

Audio 

(1.1) 

10.18 

25 

1 

1 3 

(.0.1) 

9.4 

50 

Audio 

(1.1) 

9.96 

20 

0.7 

7 

(«•*•*) 

9.8 

20 

5 

8 

(«) 

C t H 4 Clt, Ethylidene chloride 


10.9 

16 

Audio 

( ,,# ). 

9.1 

18 

5 

1 8 

(«) 


C s H 4 0, Acetaldehyde 



21 . 6±4 

20 

4 

8 

<«». >»•) 

22.2±4 

10 

4 

8 

(«•) 

C 1 H 4 O, Ethylene oxide 



13.9 

- 1 

Audio 

| (* M ) 

C*H 4 OS, Thioacetic acid 



13.0 

20 

4 

8 

(l.») 

17.8 * 

21 

3.0 

8 

(*4) 


CiBNOa, Acetic acid 



7.l4±0.1 

17 

Audio 

(. 1 ) 

7i 

17 

1.3 

8 

(«4) 

6.4±1* 

20 

4 

8 . 

(41, 44, 4.) 

4.l4f 

2 

4 

8 

(«») 

C,H«0,, Methyl formate 


* 

8.27 

20 

Audio 

(1.1) 

9.2s 

0 

Audio 

( 1 . 1 ) 

8.9 

+ 19 

4 

8 

(**) 

2.56 

-194 ' 

4.7 

5 

(.9) 

CaHftBr, Ethvl bromide 



9.4s 

20 

1 

3; 6 

(»», »«>. 





1.1) 

10.5 

1.4 

w 

Audio 

(«»>) . 

8.81 

38.4 B. P> 

Audio 

(7.) 

9.1±8 

18 

4 1 

8 I 

(«•> 


6.29pp 
6.0«vp 
5,. 60 vp 

A A<>«, 


CtH»Cl, Ethyl chloride 


170 

179 

180 


Audio 

Audio 

Audio 

A nrllA 


(6t) 

(62) 

(62) 

f6*\ 



- 0.07. 
t*' - 0.19. 
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Table 4. — (Continued) 


1 

Tajjle 4. — ( Continued ) 


€ 

1 * | An 

lit. 

1 

l A | n 

Lit. 


25.8 

13.2 

7.4±1 

7.4±1 

2.98 

3.4 

60 . a ± 1 . 01 
60. 4 ±1. 0I| 
4 .os 
7.28 

30 . o±e 

Ctl 

19.7 

2.7s 
2 92 

21.8 
19.7 

17 2 

19 . 7 ± 8 
54 ± 1 


CsHiCIO, Ethylenechlorohydrin 

24.5 Audio 

132.0 B. P. Audio 

CtHJ, Ethyl iodide 


20 

20 


Audio 
4 I 8 


CiHsHO, Acetaldoxime 


22.6 

Audio 

20 

4 

8 1 

CiH*NO, Acetamide 


83 M. P. 

4 

8 

77 

4 

8 

20 

4 

8 

22 

4 

8 

CzHiNOs, Nitroethane 


18 

3.6 

8 I 

, Ethyl nitrate; M. P. * —IP 

20 

Audio 

-190 

1.2 

2 

-176 

1.2 

2 

0 

Audio 

+ 20 

Audio 

50 

Audio 

20 

4 

8 


CiHeNiO, Nitrosodiraethylamine 


20 


4 


(78) 

(78) 

(4») 

(4») 

(1»1) 

(41, 189) 

(189) 

(189) 

(189) 

(174) 

(164) 

>o 

i 

(49, 189, 
191) 
(38) 

(38) 

(191) 

(49, 189, 
191) 
(191) 

(49, 189) 

(189) 


C|H«0, Ethyl alcohol; M. P. - - 114° (see also Fig. 2 and Table 6) 


25.7±2 

3 . 1 2s 
2.78 
55 a 

45.1 

38.1 
32 4 

28.9 
25.7±2 

22.7 
20 2 

23 . 2 ± 6 
23 9 
24.2±7 
22.o±4f 

3.12 

47.0 

41.2 
35.6 
35.2±7 

55.0 

58.9 
47.4±9 

6 . 8 ± 2 

8.o 

6 • 8 ± 2 


20 

— 172 
<-150 
-120 
- 80 

- 50 

- 20 

0 
20 


+ 


+ 


40 

60 

20 

20 

20 

20 


Audio 


-170 

i 

CiHjOj, Glycol 
0 
20 
50 
20 


1 

6 

2 

4 

1 


6 

7 

7 

8 
2 


(76, 110, 133, 
183, 191) 

( 37 ) 

( 2 ) 

( 2 ) 

( 2 ) 

( 2 ) 

( 2 ) 

(148, 191) 
(76, 110, 133, 
183, 19 7) 
(148, 191) 


48 


191) 


Audio 
Audio 
Audio 
4 I 8 


C1EUO4S, Dimethyl sulfate 


(138, 124.1) 
(64) 

(181) 

(49, 174, 190) 
(* 7 ) 


) 


(191 
(191) 
(191) 
(190) 


20 

0 

20 


Audio 

Audio 


8 


2 sH«S, Dimethyl 

I 20 1 4 

CjHeS, Ethylmercaptan 

ca. 20 | 4 

CjHrN, Ethylamine 
21 I 3.6 


(191) 

(191) 

(189) 


8 |(l*») 

8 |(») 

(164) 


16.o±4 

47.2±9 

ca. 33.4 

14.6 

7.0 

7.4 

11 . 0±8 


29 . 8 ± 0 


11 . 3 ± 3 
12 . 9 ± 4 

7.6 

6.1 

31 0 

27.7 

24.6 
27.616 

38 . 4 ± 7 

35.3 

29.6 
29.216 
27.o 

23.8 

19.7 
19.714 


C t H 8 Nt, Ethylenediamine 

| 18 | 3.6 | 8 | (i*«) 

C,HjNt, Malonic nitrile 
| 36 | 3.6 | 8 | (»«) 

CjHjNOj, Cyanoacetic acid 

| 4 | Audio | (I**) 

C*H 4 C1 2 0, 1, 1-Dichloroacetone 

| 20 | 5 | 8 | (<«) 

CjHJBr, Allyl bromide 

(191) 
(191)* 

( 41 ) 


19 

Audio 

1 

Audio 


C|H*BrO f , cr-Bromopropionic acid 
I 20 I 5 I 8 


6.4 

20 

5 8 

1 ( 4l ) 


C|H 6 CI, Allyl chloride 


8.2 

20 

Audio 

(191) 

8.7 

1 

Audio 

(!91) 

7.3 

20 

5 | 8 

( 41 ) 


CiHtCIO, Chloroacetone 
20 I 5 


25.7 

0 

Audio 

22.9 

20 

Audio 

21.2 

20 

5 I 8 


CjH 6 C10j, Ethyl chloroformate 

I 20 | 4 | 8 

CjH 6 C10j, Methyl chloroacetate 

I 20 | 5 | 8 

CjHjCIj, 1, 2, 3-Trichloropropane 

I 21 I 5 | 8 

C a HJ, Allyl iodide 

I 19 I 5 | 8 


0 

Audio 

20 

Audio 

50 

Audio 

20 

4 

1 8 

CjHftNO, Lactonitrile 

1 * 

20 

4 

1 8 I 

H*NS, Ethyl thiocyanate 

0 

Audio 

20 

Audio 

20 

3.6 

8 

20 

4 

8 

sNS, Ethyl iso thiocyanate 

0 

Audio 

20 

Audio 

20 

4 I 

8 


8 (<i) 


(J91) 

( ,9 >) 

(“) 


| (41, 1«») 

|( 4 ») 

(4«) 

( 4 >) 

(!«») 

( 1 . 1 ) 

( 1 . 1 ) 

(9, 103, 189) 

(189) 

(191) 

(191) 

(84, 124) 
(189) 

(191) 

(191) 

(84, 124, 189) 


( 41 ) 


4.36 ±0.1 | 20 | 5 | 8 | 

C,HjBr,0, 1, 2-Dibroraopropy] alcohol 

I 21 | 5 | 8 | (4i) 

CiHgCljO, 1, l-Dichloroisopropyl alcohol 

I 20 | 5 ' 

CjH 8 0, Allyl alcohol 


9 . 1±2 


12.o±3 


21. ct,* 
21 . 6i c 


21 

15 


4 
2.5 


Cr.HoO, Propionaldehyde 


* - 10 (t. T*, lag. Mg. Hi), f V - 0.21 (♦•. Mg. «» 0 ) % Supercooled. 



1 8 

1 ( 4i ) 

8 

( 41 , 48 , 49 ) 

. 7 

]p 

( 181 ) 

g V/ 

8 

l( 4 ») 

7 

( 181 ) 




.80 


international critical tables 


Table 4. — ( Continued ) 


C|H 9 0, Acetone; M. P. 


21. 4*' 

2.6a 

2.49 

2.6e 

4.6a 

31.0 

27.9 

26.1 
23.3 
21.4±i 


1 \ A \ n \ Lit. 

—94.3 ; for dispersion and absorption, 

see (34) 


4- 20 

-184 
-181 - 
-151.6 
-129 
- 80 

- 50 

- 30 

0 

+ 20 


Audio 


18.7 

17.6s 

21 9±6 

21.3 

21.2a 

3.19 

3.2i±ef 

9.i 

8 . 4±1 

2.4o 

7.3±2$ 

7 . 2 ± 2 
23 ± 1 

19 . 4± 2 § 

7 . 2± 2 


50 

56.16 B. P. 
20 


Audio 


7 . 7 ± 2 
31 

38.« 

15.1 


20 2.5 7 

20 4 8; 9 

CsHeO,, Propionic acid 

19 Audio 

17 4 | 8 

CjH«O t , Ethyl formate 

14 Audio 

+ 19 4 8 

~192 4.7 5 

C,H«0;, Methyl acetate 

29 Audio 

20 4 | 8 

C s HsO|, Lactic acid 

19 Audio 

19 4 | 8 

C,HrBr, Propyl bromide 

I 20 I 5 | 8 

C,H 7 C1, Propyl chloride 

I 20 I 5 I 8 


(»•») 

(38) 

(38) 

(38) 

(38) 

(>) 

(>) 

(75) 

(78) 

(34, 49, 75, 
95, 181, 
189, 191) 

(75) 

(76) 

(75, 95, 

124.1) 

(181) 

(34, 49, 189) 


(91) 


49) 


C,H 7 C10, , 3-Chloro-l, 2-dihydroxypropane 


(110, 180) 
(49) 

(89) 

( 110 , lit, 

180) 

(49) 

(119) 

(49) 

( 41 ) 

( 41 ) 


13 . 8± 2/ 
3.24168 


OO. 11. B 


14.218 


20 Audio 

0 Audio 

20 5 | 8 

CiHtNOj, Urethane 

00 3.6 

23 3.6 

CiHtNOs, Isopropyl nitrite 
I 19 | 3.3 | 

CjH 7 NO|, Propyl nitrate 
I 18 I 3.6 I 


(191) 

(191) 

( 41 ) 

(I6 4 ) 

(164) 

(I 6 4 ) 

(164) 


C f .O n-P.p,, alcoho,; M. p . . X Table 6) 


2i.8i4ii 

2.768 

47.0 

41.0 

37.1 

32.0 

27.1 
24 5 


20 

<-150 
-126 
-100 
- 80 

- 50 

- 20 


Audio 


* **• • “9.«t* (». 48, 74, l»l) 

1 * » 0.03. 

-e -0.2*. 


(*» 76, no, 
180) 

(*) 

(*) 

( 2 ) 

( 2 ) 

( 2 ) 

( 2 ) 

( 2 ) 


21 .814 

11.8a 

19.8 

12.815* 


26 *1 
19 8 
15.715 

2.7 


Table 4. — (Continued) 

~ 1 1 [A 

CjHjO. — ( Continued ) 

+ 20 

97.19 B. P. 

20 2.5 

20 4 

C jHgO, Isopropyl alcohol 


Lit. 

(2, 76, 110 , 
180) 

(76) 

(181) 

(4», 160, 
174) 


(119) 
(181) 
(«. 49) 

(189) 


8.212 


5.611 


2.9914 
51 .0 ± 1 .0 

58.8 ± 1 .0 

62 4±1.2/ 

66.8 ±1 .88 


2 .7615 
2.80 
2.60 * 

10. 0 

8.4 

7.8 

6.7 

36.1ft 

28.lf§ 

29.416 

17.618 

11.7 

10.4 

20.5 

22.5 
18.814 
20. 0 

ca. 9.2 1 
ca. 3.18 


20 Audio (l 1 9 

15 2.5 7 (i*l; 

20 4 8 (4«, ■ 

CjHgOj, Methylal 

I 20 | 4 | 8 | (>•») 

C|H 8 Oj, Glycerol (see Table 5) 

C*H»BO|, Trimethyl borate 
I 20 | 4 | 8 | (i*») 

CjH # N, Isopropylamine 
I 20 | 3 6 | 8 | (>«<) 

C a H»N, Trimethylamine 

I 4 | 3.6 | 8 | (l«<) 

C^HjO,, Maleic anhydride . 

I 60 | 4 j 8 | («•») 

C,H,N,, Ethyle.e cyanide 


('•*) 

(•««) 

(»»») 


. — 

58 . 

4 

8 

60 

3.6 

8 

23 

3.6 

% % 

8 

C 4 H 4 S, Thiophene 


16 

Audio 1 

20 

3.6 

8 

50 

3.6 

8 


(I.t) 

(l«4) 

(1*4) 

(«•») 

(*«) 

(*«) 


CtHiCliO, Butyl chloral 
‘ I 18 | 5 | 8 | (*7) 

C 4 H 6 C1|Oj, Ethyl trichloroacetate 

a A 


0 

20 

60 


Audio 

Audio 

Audio 


C 4 H S N, Crotonic nitrile 
ca. 20 4 I 5 

. ca. 20 4 I 5 

C«H»NO # , Methyl cyanoacetate 
I 20 | 4 | 8 

C 4 H»NS, Allyl isothiocyanate 
I 18 | 3.6 | 8 

C«H»CIaO|, Ethyl dichloroacetate 

0 I Audio 

20 I Audio 

C 4 H 4 Oi, Acetic anhydride • 


20 

0 


Audio 

Audio 


35.9 


20 . 4 

20 6 

) 4 H 4 0 4 , Dimethyl oxala 
65 4 

20 4 

C 4 H«0«, Tartaric acid 
I 15 I 2.5 


■ | | * 

C«H 7 Br, sym.-Dimethylbromoethylene 

^ ^ I a a 




6 76 II ca. 20 4 

5 3 *1 f ca. 20 * 4 

- 0 . 4 1 . • : 

7 CHi, CN, ci*, Iran* isomers, 
t B. P. - 107.7; 108.2°. | B. P. - 121.7; 122.1*. 

I CH* and Br in front, B. P. - 93.6; 93.9°. 
f CH* and Br in ei*, B. P. - 86.8; 86.9°. 


(191) 

(191) 

(Itl) 

(61.1) 

(61.1) 

(lit) 


I (»«. «*«) 

I («•>)-■ 

I (*•*) 

I 

(i.i) 

(i.i) 

(*••) 

(««) 

(«•) 

(*•) 

(i.i) 

(•i.i) 

(•i.i) 


DIELECTRICS: ORGANIC, C,H e TO C 4 H, 0 


87 


Table 4. — ( Continued ) 


t 



lit. 


(61.1) 

(61.1) 


C 4 H 7 Br, 1-Bromobutylene 

5.89*t co. 20 4 q («i.l 

5.0s*} co. 20 4 5 (61.1 

C 4 H 7 BrOt, 1-Bromobutyric acid 
7.22 | 20 | 5 | 8 | (<i) 

C 4 H?Br 02 , l-Bromoisobutyric. acid (supercooled) 
9.ai | <29 | 5 | 8 |(4i) 

CJI 7 CIO 1 , Ethyl chloroacetate 
-H ♦ | 20 | 5 | 8 | (41) 

C 4 H 7 CIO,, Propyl chloroformate 

11. a | 20 | 5 | 8 | (41) 

CiELN, Butyronitrile; slight absorption 
20.7±4 I 21 | 3 6 | 5 | (i«3) 

C 4 H 7 H, Iso butyronitrile; shght absorption 
20 . 8 ± 4 I 24 I 3.6 I 5 I (163} 


5.7o±0.1 
4.0a ±0.1 


I 24 | 3.6 | 5 | (163) 

C 4 HgBr }| 2, 3-Dibromobutane 

I 20 | 5 | 8 | («») 

C 4 HaBr>, Isobutylene bromide 

I 20 I 5 I 8 | (41) 

CiHJ9}0 S| Succinamide 


2 . 9 ± 2 

22 

4 

1 8 1 

1 

C^tO, Butyraldehyde 


13 4 

26 

Audio 

10 7s 

77.0 B. P. 

Audio 

CJIaO, Methyl ethyl ketone 

18.45 ±0.1 

23 

Audio 

14 4e 

79.6 B. P. 

Audio 

18 . 4 i 4 

15 

2.5 

7 

18.i±8 

17 

4 

8 

( 

3iHa0 2 , n-Butyric acid 


2.9a±4 

16 

! Audio | 

2 . 8s ± 6 

20 

4 

8 1 

C 

? 4 Hg0 2 , Isobutyric acid 


2.68 

16 

Audio | 

2 . 65 ± 5 

20 

4 

8 

3.22 

20 

5 

8 


C^aOt, Ethyl acetate 


6.4±1§ 

20 

Audio 

5.3o 

77.15 B. P. 

Audio 

6.o±i 

+ 20 

4 

8 

2.4s 

-194 

4.7 

5 

C 4 H«Os, Methyl propionat 

e 

6.47 ±0.1 

19 

5 

8 1 

w • 

C 4 H 8 0 5 , Propyl formate 


9.1o 

23 

Audio 

7.9±a 

-1- 19 

4 

8 

2.39 

-193.5 

4.7 

5 


(76) 

(76) 

(76) 

(76) 

(181) 

(49) 

(91) 

(41, 49) 

(91) 

(49) 

( 41 ) 

(76, 110, 116, 
119, 180) 
(76) 

(49) 

(89) 


( 110 ) 

(49) 

(89) 


6.60 ± 0.1 

6.65 ±0. 1 

* 

8.5s ±0.1s 
9 6 s 
7.1 

6l5±0.1 
4.52 ± 0.1 


C 4 H»Br, n-Butyl bromide 
I 19 8 I 5 | 8 |(4i) 

C 4 H»Br, Isobutyl bromide 

I 20.7 | 5 I 8 I (41) 

C 4 H»Br, tert . -Butyl bromide 

I 20.4 | 5 I 8 |(4t) 

C 4 H»C1, Butyl chloride 
I | Audio | (I*®) 

C 4 H|C1, Isobutyl chloride 

I | Audio | (I*®) 

C4H9I, n-Butyl iodide 


I 8 |(4i) 


I 8 |( 41 ) 


25 

129.9 B. P. 


Audio 

Audio 


* Cit, tram isomers. 

X B. P. - 86.0; 86.2°. 


(76) 

(76) 


5.8 ±0. 1 
6 3±0.1 
3.4 

11 . 9 ± 2 

2 . 3 ± 2 

17. 8±2 
8.19 

7 . 8±5* 


Table 4. — ( Continued ) 


t 


C 4 HJ, Isobutyl iodide 
| 20 | 5 ] 8 

C 4 H 9 I, /erf.-Butyl iodide 

| 20 | 5 | 8 

C 4 H*NO, Methyl ethyl ketoxime 
| 20 ' | 5 | 8 

C 4 H#NO|, Isobutyl nitrate 
| 19 | 3.6 | 8 

C<H l 0 Hg, Mercury diethyl 
| 20 | 4 j 8 

C 4 H 10 O, n-Butyl alcohol 

25 Audio 

117.7 B. P. Audio 
19 4 I 8 


Lit. 


|( 41 ) 


|(164) 

| (134, 189) 


C<H| 0 O, Isobutyl alcohol; M. P. 
18 7±4f I 20 


Audio (76, 11 ®) 

Audio ( 76 ) 

4 | 8 (48, 49) 

— 108° {see also Table 6) 


2.7s 
30 2 
34 3 

31.7 
27.0 

22.8 

20.5 
18.714 

8.0 
6 2 § 

15.5 

1 1 . 6 1 2 || 

11.4 

6.611^ 


4.33515** 


20 Audio 

| < — 150 
-102 
. -95 

- 80 

- 50 

- 20 

0 

+ 20 

18 3 8 

18 4 8 

C 4 Hi 0 O, sec.-Butyl alcohol 

19 Audio 

19 4 | 8 

C 4 HioO, terf.-Butyl alcohol 

19 Audio 

19 4 | 8 

CiHioO, Ethyl ether; M. P. * —116 


Audio 


1.65o 

2.3 

1.65s 

3.7 
1.752 
2 . 10 o 
3.75o 
7.51 
8.95 
8.14a 
7.05 
6.33 
6.I0 
5.7a 
5.5a 
5.15 

5.08 
4.68a 
4.6s 


-186 
-180 
-160 
-155 
-130 
-120 
-115 
-110 
-108 
-100 
- 80 
- 60 
- 60 

- 40 

- 40 

- 20 
- 20 

0 

0 


Audio 

1.2 1 2 

Audio 

1.2 1 2 

Audio 

Audio 

Audio 

Audio 

Audio 

Audio 

Audio 

Audio 

I 

Audio 


Audio 


Audio 


t B. P. - 94.6; 94.8°. 
1 dn — — 1.5. 


• k' - 0.45. 
t dto - —9.a. 

5 k’ - 0.47. 

(I *' - 0.33. 

1 *' - 0.40. 

- -1.9, n - 3; 6 (**» *7, i«s, 177 , i*ay 


(2, 91, 110, 
185) 

(*) 

(*) 

( 2 ) 

( 2 ) 

( 2 ) 

( 2 ) 

( 2 ) 

(2, 91, no, 
183) 

(160) 

(48, 49) 

(119) 

(48, 49) 

(119) 

(48, 49) 

> 

(17, 42, 63, 
133, 136, 
129, 177, 
182 
(8T) 

(38) 

(8 7) 

(38) 

(87) 

(87) 

(87) 

(87) 

(87) 

(87) 

( 87 ) . 

0,87) 

(137) 

(1, 87) 

(127) 

(l, 87) 

(127) 

(1, 87) 

(127) 


i 
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Table 4. — ( Continued ) 


€ 

l 

A 

n 

Lit. 

1 

a 

C 4 H . oO. — (Continued) 



4 335±5 

+ 20 

1 

Audio 

(17, 42, 63, 





133, 136, 





139, 177, 





183) 

4.1i 

34.54 B. P. 

Audio 

(76) 

3.9c 

40 

Audio 

(63, 177) 

3.4o 

80 

Audio 

(63, 177) 

2 9o 

120 

Audio 

(63, 177) 

2.4o 

160 

Audio 

(63, 177) 

2.13 

180 

Audio 

(63, 177) 

1.93 

190 

Audio 

(63, 177) 

1 .80 

192 

Audio 

(63, 177) . 

1.6 ’ 

194 

Audio 

(63, 177) 

1.54 

200 

Audio 

(63, 177) 

1.54 

250 

Audio 

(63, 177) 

4 32 

20 

6 

4 

(86) 

4.351 

20 

6 

5 

(87) 

4 .2813 

20 

1 

6 

(124.1, 127, 





161.2) 

4 .3612 

20 

4 

8 

(49) 

3.26 

20 

7 

9 

(125) 

c 4 h 

ioOjS, 8ym.-Diethyl sulfite 


17.6 

0 

Audio 

(191) 

15.9 

20 

Audio 

(191) 

13.7 

50 

Audio 

(191) 

16.012 

20 

4 

8 

(190) 

C 4 Hi 0 O|S, ewym.-Diethyl sulfite 


45.7 

0 

Audio 

(191) 

41.9 

20 

Audio 

(191) 

39 .418 

20 

4 

8 

(190) 

C 4 H l0 S, Diethyl sulfide 



7.2 

ca. 20 

4 

s I 

C 9 ) 

C 4 HioS s , Diethyl disulfide 


15.913 

19 

3.6 

1 8 

|( 54 ) 


C 4 HnN, n-Butylamine 



5.411 

1 21 

3.6 

8 

|(164) 


C 4 HnN, Diethylamine 



3.711 

20 

3.6 

8 

(124, 164) 

5.5 . 

19 

5 

8 

( 41 ) 

CiHnN, Isobutylamine 



. 4.5218 

l 21 

3.6 

1 8 

|(164) 

C 4 H 

i)0 4 Si, Tetramethyl silicate 


6.0 

* 

| ca. 20 

3.6 

8 1 

! ( ,24 ) 

C*H 4 Ot, Furfuraldehyde 



47.2 

0 I 

Audio 

|(191) 

41.9 

20 

Audio 

(191) 

34.9 

50 

Audio 

(191) 

39 ± 2 

20 

4 

8 

(49, 190) 

C»H 4 0 ,, Citraconic anhydride 


40.318 

20 

1 

4 

8 1 

|(189) 


C»H»N, Pyridine 



12.5 

20 

Audio 

(28, 76) 

11 .4 

50 

Audio 

(28) 

10.6 

80 

Audio 

(28) 

9.3s 

a 

115.5 B. P. 

Audio 

(28, 76) 

12.5 

20 

6.7 

7 

(193.1) 

12.412 

20 

• 

4 

8 

(41, 99, 124, 




• 

183) 

CANO*, Ethyl cyanoacetate 


27.7 

21 

I Audio I 

(191) 

27v0is* 

20 

4 

8 

(49, 189) 


• v - o.oe. 


(Continued) 



1 9 . 3 ± 4 

26 o 

23 l 

25 9±5 

10 . 4 ± 2 

0.5 


C*H 7 NO,, 1-Cyanoethyl acetate 
I 20 | 4 | 8 

CJIgOt, Acety lace tone 


0 

Audio 

20 

Audio 

20 

4 .1 8 


I 20 | 4 | 8 

C*H»BrOft, 1-Bromoiso valeric acid 

I 20 | 6 | 8 

CgHfBrOt, Ethyl 1-bromopropionate 


10.1 

0 

Audio 

9.4 

20 

Audio 

8 . 9 ± 2 

20 

5 I 8 


(!••) 

(Ifl) 

(1*1) 

(«•» 54, lit) 
(41, 155) 

( 41 ) 

(1*1) 

(»*») 

( 41 ) 


10.1 


9.2 


8 . 8 ± 2 

17 . 7 ± 3 

18 . 3 ± 4 

2.23 

2 . 0 ? 

6 9 (?) 

5.0415 

11.8 

10.3 

17.3 

16.8 

15.4 

2.08 

2.6s±5 

2.7o±5 

2.4a 


I 20 | 5 | 8 | (41) 

C s H|C10j, Isobutyl chloroformate 

I 20 | 5 | 8 | (41) 

CgHjIO,, Ethyl 2-iodopropionate 

I 20 | 5 | 8 |(4l) 

C 6 H*N, n-Valeronitrile; slight absorption 

I 21 | 3.6 | 8 | (»•*) 

C k H 9 N, Isobutyl cyanide; slight absorption 


22 | 3.6 

CiHio, Amylene 


16 

Audio 

21 

Audio 

22 

3.6 | 8 


I 15 | Audio 

CgHioO, Valeraldehyde 


15 

2.5 

7 

17 

4 

8 


I 15 I 4 | 8 

CiH, 0 O, Methyl propyl ketone 


15 

2.5 

7 

17 

4 

8 

CgHioOt, Valeric acid 


17 

Audio 

18 

4 

8 1 


8 (»•») 


(110) 

(«) 

(114) 

(. 1 ) 

( 1 . 1 ) 

(«») 

(«») 

( 1 . 1 ) 

(4.) 

(»‘) 

(41, «») 


I 20 | 4 | 

CsHioOj, n-Butyl formate 
| -194.1 | 4.7 | 5 

CfcHioOi, Ethyl propionate 


8 !(«•) 


(••) 


5.7e ±0.1 

20 

I Audio 

(tie, i*0) 

5.7e ±0.1 

20 

4 

8 

(«•) 

5.o 

20 

5 

8 

(««) 

CiHioOt, Isobutyl formate 


8.4 

13.5 

3.8 

1 

(1«0) 

7.35 

23 

Audio 

(110) 

6 . 5 ± 1 

M 

19 

4 

8 

(«) 

k t 0 = 0.008 


2 

8 

(**) 


5« 

6 . 8 ± 8 * 

5 . 8±1 

2.42 

3 . lo± 6 


C*HioO >f Methyl butyrate 
| 20 | 5 | 8 

CfrHioOs, Propyl acetate 


20 

+ 19 
-192 


Audio 


I 


4 

4.7 


8 
5 I 


( 41 ) 

(110, lit, 

ISO) 

( 4f ) 

(8t) 


CtHioOg, Ethyl carbonate 

I 20 I 4 I 8 I (4», 1*4) 


dw - -0.8. 
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Tab le 4. — ( Continued ) 
1 



6. j±i 

6.1 
4.7o 
0.1 

9.1 
6.o±i 
0.4±i 

9.s±i 

7.1 

5.0 

0.9 

5.9±i 

3. 

9.i±a 

1.82s 
15 . 82: J * 

2.4o 

2 U 
2.6 
0.5 
12.8 
26.5 
34.4 

43.0 

41.0 
35.a 

29.1 

24.8 

20.9 
18.s 
15.8±i 

111 

14.0 

11. 7 

10.1 
8.9 
8.0 

15 . • 
8 . 8 ? 
5.8> 

5.? 

4.7 

4.8 


CtHuBr, Amyl bromide 

I 10 | Audio 

CiHuBr, Isoamyl bromide 



25 

Audio 


120.6 B. P. 

Audio 


18 

5 I 8 

CtHuBr, fort.- Amyl bromide 


18.5 

5 I 8 

C^HhCI, Amyl chloride 


11 

Audio 

CfrHuCl, Isoamyl chloride 


18 

5 8 I 

ChHuCl, t£rt .- Amyl chloride 


16 

Audio 


18 

5 I 8 


CtHnI, Isoamyl iodide 
I 18. « | 5 | 

CiHuI, tert.-Amyl iodide 

I 17. a | 5 | 

CfcHuN, Piperidine 

I 20 1 3.6 1 

CjHuKO, Methyl propyl ketoxime 
I 20 | 5 | 8 

CtH u NO|, Amyl nitrate 

I 18 | 3.6 | 8 

C*Hu, Pentane 
I 20.3 I Audio 


|( 91 ) 

(76) 
(7^ 

( 4I ) 

( 41 ) 

(91) 

( 41 ) 

(91) 

( 41 ) 


8 |( 41 ) 

8 |(41) 

8 |(1«4) 


Amyl alcohol; M. P. 

20 

-189 
-187 
-100 
-140 
-136 
-132 
-130 
-120 
-117 
-117 
- 80 

- 50 

- 20 
0 

20 


( 41 ) 

(114) 

(«) 


+ 


00 
15 

CtH„o, Dimethyl ethvl carbinol 

20 
50 
80 

102 B. P. 


CtH| t O, Isoamyl alcohol 


23 

80 

131.0 B 
18 


CtHitS, Amylmercaptan 


20 

30 


CtHjiN, Amylamine 


— 78.5° (see also Table 6) 
Audio |(2, 91, lit, 

133, 145) 

(38) 

(38) 

(38) 

(38) 

( 88 ) 

(38) 

(38) 

(38) 

1.2 I 2 (38) 

Audio (>,*) 

(*.*) 

(*» 2 ) 

(LA) 

(145) 

(2, 91, 110, 
133, 145) 
(145) 

2.5 I 7 I (l«i) 

(28) 

(18) 

(28) 

(28) 

Audio (7«) 

Audio (28) 

P. I Audio ( 28 , 76) 

8 (160) 

8 (84, 163) 

8 (84) 


Audio 

Audio 

Audio 

Audio 


3.6 

3.6 



(■• a, 14 $) 


7.2i 

2.2 

8.81 

4.4 

4.57 

2.7* 

7.4? 

7.5o 

2.86 

20.7 

2.8s 


Table 4.— (Continued) 

. 

5 'Ml n 

CJH.H.O,, 1, 3, 5-Tri7 itrobenzene 



127 

ca. 20 


Audio 
4 I 8 


CjHJBra, m-Dibromobenzene 


3 


Audio 
4 I 8 


20 
ca. 20 

CftHJiri, ^-Dibromobenxene 
88 j Audio 

4 | 8 

C&H4CI1, 0-D1 chlorobenzene 


25 

20 


1 

6.7 


6 

7 


CJLCl*, p-Dichiorobenzene; M. P. * 

I 33 | Audio 

m-Dinitrobenzene 
90 Audio 

ca. 20 4 | 8 

CtHfcBr, Bromobenzene 


5.4o ±0.1 

5.47 
5 . 4 ± 2 


20 


Audio 


5.94 
4 . 7o 
4 2o 
5.44 
5.6s 
5.8 


8.2 

6.3i 

4.o 


13 6.7 

I 20 4 

dto - —1.6 

CiBT.Cl, Chlorobenzene 

20 Audio 

100 Audio 

132.0 B. P. Audio 

25 1 

13 6.7 

20 5 

= —2.4 

CJLCIO, o-Chlorophenol 


7 

8 


6 

7 

8 


19 

5 

25 

1 

CeHj, lodobenzene 

20 

5 I 


8 

6 


( 9 > 

(•> 

( 9 ) 

( 9 ) 

( 9 ) 

( 9 ) 


(161.2) 
(193.1) 

52.1° 

1(28-) 


( 9 ) 

(17, 42, 91, 
191) 

(193.1) 

( 9 > 41 ) 

(17, 191) 

(17,42) 

< 17 ) 

(76) 

(161.2) 

(193.1) 

(41) 

( l7 ) 

( 9 ) 

(161.2) 


36.i± j* 

2.62 

2.54 
2 5o 
2.6a 
2.97 
3.15 
3.4o 
9.9 
42i 

39.7 
36. i±3 

32.8 
20 3 

27.0 

21.9 

18.0 

15.9 

15.61 

35.4 
34.s±o 
37.8 

- -18 (». l •* 


CiHfrNOs, Nitrobenzene; M. P. 


8 

4-8.7° 


( 41 ) 


20 

-190 
-170 
-150 
-100 
- 80 

- 40 

- 20 
- 10 
- 9 

0 
20 


Audio 


+ 


40 
80 
80 
120 
160 
200 , 

210.85 B. P. 
20 
20 
20 


Audio 


6 

4 

5 



5 

8 

8 


(*, 119, 183, 
191) 

( 68 ) 

( 68 ) 

( 68 ) 

( 68 ) 

( 68 ) 

( 68 ) 

( 68 ) 

( 2 ) 

( 2 ) 

( 2 ) 

(2, 119, 183, 
191) 

(* 2 ) 

(92) 

(127) 

(92) 

(92) 

(92) 

( 7 6 ) 

(92) 

(«», 99, 190) 
( 41 > 


Refractive index 
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Fra. 1. — Variation of refractive index with, wave-length (*«). 
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Table 4. — ( Continued ) 


CftHt, Benzene; M. P. 


2.28a±a* 

2.29s 

2.31o 

2.32a 

2.337 

2.34o 

2.342 

2.36s 

2.345 

2.30s 

2.30o 

2.29o±i 

2.28a 


2.204 
2.22s±a 
2 . 12 ? 
2.049 
1.97o 
2.28 
2 28 
2.28i ±4 
2.43 
2.57 
2 . 2 * 
3.4(?) 
2.3i 
2.3s(?) 
3.8s(?) 
3.1s 
3.1 
3.04 

13.0 

13.s±s 

13.1 

ca 15 
2.54 
2.5o 

4. as 
9.111 


20 

-180 . 
-120 
- 80 

- 40 

- 20 
- 10 
+ 3 

4 

5 
10 
10 
20 


5.5° («eo Fig 
I Audio 


60 
60 
100 
140 
180 
20 
20 
20 
19 
19 
ca. 20 
ca. 20 
ca. 20 
ca. 20 
ca. 20 
ca. 20 
ca. 20 
ca. 20 


6 

i; 3 

4 
6 
8 
3 

3.5 

4.7 
7 

7 

3.7 

5 

7.5 


5 

7 

8 
8 
8 
9 
9 
9 
9 
9 

10 

10 

10 


BrN, m-Bromoaniline 

19 | 6 | 8 

Cllf, m-Chloroaniline 
16 Audio 

19 . 5 j 8 

Phenol; M. P. — +41 # 

40 Audio 

-185 
-140 

+ 10 4 8 

48 . 4 8 


1) 

(177, 183, 
188) 

(87) 

(87) 

(87) 

(87) 

(87) 

(87) 

(• 7 ) 

(87) 

(75) 

(75, 87) 

(77, 127) 

(34, 75, 87, 
177, 183, 
188) 

(75, 87, 177) 
(77, 127) 
(177) 

(177) 

(177) 

(75) 

(12S) 

(34, 49, 117) 
( 122 ) 

( 122 ) 

(!••) 

(Ill) 

(108) 

(108) 

( 122 ) 

(109) 

<»••> 

(109) 

|( 41 ) 

(•*) 

( 41 > 

(140) 

( 88 ) 

(38) 

(“) 

( 4t ) 



3. 2128 
7 .2s±5* 

2.9a 
2.95 
3 0s 
3.4s 
7.7s 
7. 25 ±5 

6.5t 
6 4s 
6.2a 
5.9s 
5.4s 
4.7i 
4.45 
4.54 

7 . 1 8 ± 7 

7. an 
4.3o 

10. o±a 

7.1s ±0. 
5.8 

15. 4f 

2.34 

7.67§ 

4.7o|| 

18.2 

15 . 4± 8 

5.41a 


CiHjOj, Resorcinol 
| 22 | 4 | 8 

C*H 7 N, Aniline; M. P. « -6.2° 

20 Audio 

-178 
-160 
-120 
- 80 
0 

+ 20 

50 

50 

70 

70 

100 

150 

170 

184.5 B. P. 

20 1 6 

20 4 8 

ca. 20 7 9 

C*H 7 N, a-Picoline 
| 20 | 3.6 | 8 

C*H«N S , Phenylhydraiine 
l 23 Audio 

17 4 | 8 

C«H a O«, Methyl acetoneox&Ute 

67 4 8 

6 4 8 

CiH«C10s, Ethyl 2-chlorocrotonate 

20 4 5 

20 4 5 

C«HicO, Cyclohexanone 
| 20 | Audio 

C*HioO, Mesityl oxide 
| 20 | 4 | 8 

C«HioO«, Ethyl croton ate 

20 I 5 I 8 



.!•(»•• 7». tv, Ilf, 148). 


•»» - -2.5 (•*. «••). 

t - 0.05. 

IV- 0.0«. 

| Cis; B. P. — 75.8; 75 0* at prraurt of 14 o 
| Trans; B. P. — 54.0" at preature of 14 mm 


Lit. 


I (* 74 ) 

I (M, III, 
MS) 

(*•) 

(»•) 

(»») 

(*•) 

(M, MS) 
(SI, SS, MS, 
(MS) 

(MS) 

(»*) 

(Ml) 

(St, 

(SI) 

(**) 

<»*) 

<»•) 

(»*) 

(«1, <»■ «*4, 
164) 

(Ml) 

J ('“) 

(MS) 

( 41 , 1 * 4 ) 

(") 

(«) 

(««•») 

(Sl.l) 

|(» 4T ) 

In"). 

I <«) 


mm Hf ■ 
a fi|. 
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Table 4. — ( Continued ) 


t 


18 . 3 ± 6 

15. 9 ±2 
8 . 2±1 
5.2o 

4.9 
8.o 

7.9 
7.8 

15 . 7 ± 2 

17 . 4 ± 3 
2 052 

2 . lo 


( 41 ) 


2.03 

15.o 

12 . 4 ± 2 
12.8 
3.22±6 

7.7 

5.7 


5 U* 

2 4i 
2.395 

6.97 

5.54 
5.34 
5 . Oo 
o.Oo 

5. i±i 

5 1 9 ± 5 
5 2±1 

Dtn = • 


n Lit. 


CftHioO), Propionic anhydride 

I 16 | 5 | 8 | («•) 

CeJHioOj, Ethyl acetoacetate 

I 22 | 4 | 8 | (<») 

CeHioO*, Diethyl oxalate 
I 21 | 4 | 8 | («») 

CtHioO«, Dimethyl succinate 

| 19.5 M.P. | Audio | (28) 

CcHioS, Diallyl sulfide 
| ca. 20 | 4 | 8 | (») 

CftHnBrOj, Ethyl 1-bromobutyrate 

I 20 | 5 | 8 | (<») 

C«HnBrOi, Ethyl 1-bromoisobutyrate 

I 20 | 5 | 8 | («») 

C«HiiC10j, Isoamyl chloroformate 

I 20 | 5 | 8 | (<«) 

CJEL.N, Isocapronitrile; shght absorption 

| 20 I 3.3 I 8 | (99, 163) 

C*H U NS, Amyl thiocyanate 

| 20 J 3.6 | 8 | (5«) 

C iHu, Cyclohexane 

20 Audio (28, 147) 

4.5 M. P. Audio (2 8) 

dm * -0.16 (28) 

C^u, cr-Hexylene 
I 17 | Audio | (U°) 

CJHuO, Cyclohexanol 
I 25 | Audio | (147) 

CftHizO, Methyl ferf.-butyl ketone 

I 17 | 4 | 8 | («•) 

CeHuO, Pinacolin 
I 17.5 I 3.6 I 8 | (*«) 

CeHuO,, Caproic acid 
I 18 | 5 | 8 | (<•) 

CaHj,0 2 , Amyl formate 

15 3.8 1 (180) 

19 4 8 (49) 

frjo “ 0.009 2 8 (>5) 

C«H I} Oi, n-Butyl acetate 



(54) 

(28, 147) 
(28) 

(28) 

( 110 ) 

(147) 

(49) 

(”) 

( 41 ) 

(180) 

(49) 

(15) 


+ 19 
-195 

- 77.9 

- 77.9 

- 20 

0 

+ 20 
20 
19 


Audio 


4.7 

4 


Ethyl butyrate 


— l.o 


5. Go ±0. If 

5.32 
5 4±I 

4 3 

4 7 


20 ! 

Audio 

20 

4 | 8 

20 

Audio 

1, Iaobutvl acetate 

20 

Audio 

25 

1 6 

20 

4 8 


CftHuOi, Methyl valerate 

I 19 I 5 | 8 

CeHnOt, Propvl propionate 
I 20 I 5 I 8 


* i;, . - 1 * (»», »|fc; 

t O-i, - — l.C fill). 


(119) 

(89) 

(89) 

(89) 

(89) 

(89) 

(89) 

(89) 

(49) 

(lia, iao) 

(49) 

(119) 

(110, lit, 
180) 
(161.1) 

( 4 ») 

( 4I ) 

( 41 ) 


14. 5±1 
12 . 2 ± 2 
6.29 
ca. 12.o 

6.6 

1.874* 


Table 4. — ( Continued ) 


t 


CeHitOi, Paraldehyde 

20 Audio 

50 Audio 

128.0 B. P. Audio 

20 4 | 8 

CfiHisI, Hexyl iodide 
I 20 | 5 | f 

CoHh, Hexane 


Lit. 


3 45±5 
3. 59 ±9 

7.4 

% 

3 . 0 ± 28 
2.9 
3.1s 
19.o±4 


| 24 | 3.6 

CeHuOft, Mannitol 

I 22 I 4 


C^HisN, Dipropylamine 
| 20 | 3.6 

C«Hi*N, Triethylamine 


CtHsCIO, Benzoyl chloride 

I 24 | 3 6 | 8 

CjHsClj, Benzotrichloride 



10 . 7 ± 5 

6 9 

48.i 

2 . 55 

59.8 
2.78 

18.0 

20. 0 
17.5±i 
14 s 
14. i±a 

13.9 
17 9 
19 2 

5 32 

5. Is 

7.0±2 

6.4 

4.73 
« - - 0.1 


I 20 | 4 I 8 

C 7 H«C1j, Benzal chloride 

I 20 | 5 | 8 

CrHiNjOi, on/t-m-Nitrobenzaldoxime 

120 Audio 

4 | 8 

C 7 H«N,Oi, 8t/n-m-Nitrobenialdoxime 

117.5 Audio 

4 | 8 

C 7 HeO, Benzaldehyde 


20 

0 


Audio 

Audio 


20 4 8 

15 2.5 7 

20 3 6 8 

CtHaOj, Salicylaldehyde 

20 4 8 

17 4 8 

15 2.5 7 

C 7 H 7 Br, o-Bromotoluene 
I 20 | 5 | 8 

C 7 H 7 Br, p-Bromotoluene 
| 28 M. P. | Audio 

CAC1, Benzyl chloride 

13 Audio 

20 5 | 8 

C 7 H 7 C1, o-Chloro toluene 

[20 | 5 I 8 

1: (-80 t +12) (i**i. 


20 

Audio | 

• 1 1 
C«H u Oj, Acetal 

24 

Audio 

21 

4 | 8 


(76, 191) 
(191) 

(76) 

(189) 

( 4l ) 

(110, lit, 

14T, 18ft) 

(191) 

(49) 

(124) 

(I 74 ) 

(124, 164) 


Audio | ( 191 ) 


7.4 

20 

1 3.6 I 8 I 

6.4 

1 20 [ 5 1 8 

CtHJ?, Benzonitrile 

26 5 1 

20 

Audio 

28.8 

0 

Audio 

26.5 

20 

4 I 8 

1 III 

C 7 H&NO, Phenyl isocyanate 

5.7 

17 

3.6 8 

8.9 

20 

3.6 8 


I ( 124 ) 

(12 4 ) 

( 41 ) 

(191) 

(191) 

(49, 163, 
190) 

(54) 

(124) 

| (124, 189) 

l< 41 ) 

(*) 

( 9 ) 

(•) 

(») 

(191) 

(191) 

(49) 

(181) 

(124) 

(189) 

(49) 

(181) 

( 41 ) 

(28) 


(91) 

( 41 ) 

( 4I ) 
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5.4 

5.55 

6.4o 
6.19 
5.94 
6 4s 

6.2i 

4.4s 

3.85 ±4 
3.4o± 6 
3.5s 

20.51 
3 . 0 5.? 

27.42±5* 

25.8 

20.8 
26.o 
11.8a 

23.8 

23.6 

18.7 
22.o±5 
24.2 

C 7 H„ 

2.387±5f 


< I A 

C7H7CI, m-Chlorotoluene 


16 

20 


Audio 
5 I 8 


C7H7CI, p-Chlorotoluene 

10 Audio* 

20 Audio 

30 Audio 

7.4 M.P. 

20 5 8 

C7H7I, p-Iodotoluene 
| 35 M. P. | Audio 

C7H7NO, artfi-Benzaldoxime 


20 

20 

20 


Audio 


4 

5 


C7H7NO, Formanilide 


8 

8 


(91) 

( 41 ) 

(28) 

(28) 

(28) 

( 2 «) 

( 4l ) 

(28) 

(119) 

(49) 

( 41 ) 

(189) 


1 


4 

8 

K») 

5.6 

0 

Audio 

C7H7NOJ, o-Nitro toluene 



4.6 

20 

Audio 


20 

Audio 

(»»*) 

4.3 

50 

Audio 


20 

2.5 

7 

(i.i) 

5.2 

20 

5 I 8 


18 

3.6 

8 : 

(124) 


C 7 H#N, Methylaniline 


20 

5 

8 

( 41 ) 

7.9s 

0 

Audio 


222 . 3 B. P. 

Audio 

(7.) 

6.O1 

20 

Audio. 

C7H7NOJ, m-Nitro toluene 



5.9 

20 

3.6 I 8 


. 20 

6.7 

7 

(»»*•*) 


C 7 H*N, o-Toluidine 


20 

5 

8 

( 41 ) 

6.4 

26 

Audio 

C 7 H 7 NOj, p-Nitro toluene 



4.00 

199.7 B. P. 

Audio 


| 52 M. P. 

Audio 

1 ( 2 ») 

6.0 

20 

4 I 8 


I 20 | 5 

C7H7NO,, Nitroanisole 
20 


20 


8 1(41) 


2.52o 
2.52e 
2.53o 
2.60o 
2.63a 
2.61 
2.57 
2.485 
2.435 
2.38715 

2.25o 
2.165 
2.04o 
2.39 
2.38s 
2.3714 
2.40ai4 

15.9 
13.o 
10.8 
10. slat 

- -15 (»•»). 

t Sn - -0.23 (•*. »«•< 
1 - 0.2o. 


-186 
-140 
-114 
-100 

- 94 

- 80 
- 60 
- 20 

0 

-f 20 

S6 
120 
180 

20 6 

20 6 

20 2.5 

20 5 

C 7 H«0, Benzyl alcohol 
0 
20 


Audio 


4 

5 

7 

8 


50 

21 


Audio 
Audio 
Audia 
4 I 8 


(17, 42, 110, 
145, 177, 
111 . 1 ) 

(87) 

(87) 

(87) 

(87) 

(87) 

(87) 

(87) 

(17,87) 

(17,87) 

(17, 42, 110, 

145, 177) 
(87, 177) 

(87, 177) 

(87, 177) 

( 88 ) 

(87) 

(181) 

(34, 41, 117) 

(191) 

(191) 

(191) 

( 4S ) 




Table 4. — ( Continued ) 


€ 

t 

\ A \ n 

Lit. 


C 7 H 8 0, o-Cresol 


co. 8 

40 

Audio 

(140) 

5.8±1 

24 

00 

CO 

CO 

(U«) 


C 7 H 8 0, m-Cresol 


ca. 13 

40 

Audio 

(140) 

5.o±i 

24 

3.6 I 8 

(124) 


C 7 H 8 0, p-Cresol 


ca. 13 

40 

Audio 

(140) 

5.6±1 

24 

3.6 | 8 

(124) 


C 7 H 8 0, Anisole 


4.7 

5 

Audio 

(101) 

4.35±5 

20 

Audio 

(140, 101) 

4.0 

50 

Audio 

(1.1) 

3.62±7 

18 

3.6 | 8 

(124) 


11.7 1 


C 7 H|O t , Guaiacol (supercooled) 
<32 | 5 • | 8 

C 7 H,N, Benzylamine 


6.0 


C 7 H,N, m-Toluidine 

20 | 4 | 8 

C 7 H,N, p-Toluidine; M. P. - 43.7° 


1 3.6 | 8 | (M) 

5.48 

• 

44 

Audio 

= —94.5° (see Fig. 1) 

M a 

3.0±2 

22 

■4 | 8 


( 41 ) 

(191) 

(191) 

(191) 

( 41 ) 

(191) 
(191) 
(124, 164) 

(76) 

(76) 

(41,164) 
(41, 164) 

(28) 

(174) 


7.3 

24.3 2 

16 ± 1 
16 7±3* 


CrHitJf t, (wym.-Methylphenylhydrazine 

I 19 I 5 | 8 | («*) 

C 7 H 10 O, 1-Methy 1-5-ketocyclohex vlene 

1 20 111 (««> 

C 7 Hi 0 O 4 , Ethyl acetoneoxalate 


19 

19 


Audio 
4 | 8 


(119) 

(4*) 


C7H 10O 4, Ethyl hydroxyraethyleneacetoacetate 


8.I2 

7.8±lf 

12. 1 + 2 


21 

21 


Audio 
4 I 8 


(119) 

< 4 *) 


7 . 9 ± 2 

21 

4 

8 

8 . 4± 2 

21 

5 

8 


7.8 


12 . 6+2 


C7H11O,, Ethyl levulinate 
I 21 | 4 | 8 | («•) 

CiHitOi, Diethyl malonate 

(4.) 

,( 4 ') 

C 7 Hi,C 10 j, Isoamyl chloroacetate 

I 20 '| 6 | 8 | («») 

C7H14O, Dipropyl ketone 
| 17 . 1 1 ; 40 1 7 U * 9 ' 1 * 1 ) 

C 7 HhO«, Amyl acetate 


iL07±9$ 

20 

Audio 

(110, 119, 





180) 

4.62 

25 

1 

6 

(161.2) 

4.88 ±0.1 

20 

4 

8 

(49) 

CtHhOi, Ethyl valerate 



4.8i{ 

20 

Audio 

(119, 180) 

4.77 ± 9 

20 

4 1 

8 1 

(”) 

1 


•*'- 0.09. 1 — 0.08. t ««• - -i.» ( ,,# ). I — — 1.© (*•*)• 
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Table 4. — ( Continued ) 


t 


I A 


n 


Lit. 


4.8 


1.97i 


18 . 8 ± 4 

18.i±st 

4. 87 ±9 

18.6 ± 1 
18.a±i 
15.9±a 
8.64 
16.2 
15 . 8±8 

10.3s 

ca. 22.3 
ca. 15.8 


CrH^Ost Propyl butyrate 

20 | 6 | 8 | («) 

CjHis, Heptane 

20 | Audio 

CrH uO, Heptyl alcohol 


(«. ><*) 


6.7a 

21 

Audio 

4.a±i* 

21 

4 

8 1 

C^HieO, Ethyl amyl ether 


3.565 

23 

Audio 

4.0a 

20 

5 

8 I 


CgHeOs, Phthalide 


36 

75 

4 

8 

4a 

20 

4 

8 

CaH 7 N t Benzyl cyanide 


20.1o 

0 

Audio 

18.32 

20 

Audio 

16.84 

50 

Audio 

8.5 I 

233.5 B. P. 

Audio 

15.2 

20 

4 

8 

16.7 

20 

4 

8 


(»*•) 

(4») 

(«*) 

(«) 

(«) 

( 4 ») 

(ltl) 

( 1 . 1 ) 

(I.I) 

(T«) 

(4*, 1«») 
(18.) 


C(H,N, o-Tolunitrile 
23 | 3.0 

CjHtNO, Mandelic nitrile 
| 23 | 3.6 

CjHaO, Phen> lacetaldehy 
20 | 4 

CsHiO, Acetophenone 


8 |(i«) 
8 !(*««) 


8 («») 


15 

Audio 

(191) 

20 

Audio 

(183, 191) 

50 

Audio 

(191) 

202.0 B. P. 

Audio 

(70) 

15 

2.5 

7 

(181) 

20 

4 

8 

(49) 

CsHaOs, p-Anisaldehyde 



248 0B. P. 

Audio 

(70) 

22 

Audio 

(70) 

20 

4 

8 

(189) 


9.0±2 


19.5 1 
2.9 ±18 

9.2s 

2.7« 


C&HftOs, Phenylacetic acid 

(49) 

(49) 

(119, 160) 
(49, 124) 

(119) 
(161.2) 
(49) 

(124) 

(35) 

C b H 8 Oj, Methyl salicylate 
! 2° I 4 I 8 I (41, 4.) 

CJLRO, Acetanilide 


ca. 4 

85 

4 

8 

ca. 3.2 

20 

4 

8 

CsHgOt, Methyl benzoate 


6 . 9 ± 2 $ 

20 

Audio 1 

6 . 6 ± 2 

20 

4 

8 I 

CJHgO,, Phenyl acetate 


5.3s±5§ 

20 

Audio 

5.16 

25 

1 

6 

5.3s ±0.1 

20 

4 

8 

6.4 

24 

3.6 

8 

k' - 0.012 

20 

2 

8 


22 

CiJLNOj, an/i-p-Anisaldoxime 
1 63 | Audio 

4 H 


(189) 
(9,174) 

! ( 9 ) 

( 9 > 


* k- 

* k' 

* -diu 

\ din 

:k‘ 


0.3i. 

- 0 044 . 

- -1.* (I» 
« -0.7a 0 

- 0 . 07 . 


K l ••) 

»•). 


Table 4. — (Continued) 


« 

t 

1 A 

1 n 

| Lit. • 

C 8 H,NO j> ayn-p-Anisaldoxime 


10.9 

130 

Audio 

( 9 ) 

2.78 


4 

1 8 

( 9 ) 


CgHio, Ethylbenzene 



2.479 

20 

Audio 

(110, 133, 




1 

147) 


CgHio, o-Xylene 



2.5s 

17 

Audio 

(110, 133) 

2.58±5 

17 

1 4 

1 8 

(41, 49) 

C*Hio, m-Xylene; M. 

P. = 

-53.6 

O 

2.374±2* 

+ 20 

1 Audio 

(42, 133, 147, 





177, 183) 

2.40o 

-186 



(87) 

2.55of 

- 80 



(87) 

2.40o 

- 70 



(87) 

2.60o* 

- 60 



(87) 

2.45a 

- 52 



(87) 

2.53o 

- 50 



(87) 

2.56e 

- 48 



(87) 

2.54o 

- 40 



(87) 

2.473 

- 20 



(87) 

2.42o 

0 



(87) 

2.374 

+ 20 



(42, 133, 147, 





177, 183) 

2.257 

80 



(177) 

2.17s 

120 



(177) 

2.05s 

180 



(177) 

2.392 

20 

6 

5 

(87) 

2.3s 

20 

5 

7 

( 8 ) 

2.37±a 

20 

4 

8 

(49) 


C&Hio, p-Xylene 



2.259 

17 

Audio 

(110,133) 

2.2i 

17 

4 

8 

(41,49)* 

C*H 

ioO, o-Tolyl methyl ether 


3.57 

20 

Audio 

(140) 

3.4±1 

20 

4 * 

8 

(41, 124) 

C»Hi 

ioO, m-Tolyl methyl ether 


4.0s 

20 

Audio 

(140) 

3.6 

20 

5 

8 

( 4I ) 

C$HioO, p-Tolyl methyl ether 


4.0a 

20 

Audio 1 

(140) 

3 . 6 

20 

5 

8 1 

( 4l ) 


C*HjoO, Phenetole 



4 . 5e ± 9 | 

21 

3.6 

8 1 

( 12 4 ) 

C»HioO, 1, 3, 4-Xylenol 



4.8 | 

17 

5 

8 1 

( 41 ) 


CgHioOs, Creosol 



lO.a 

17 

Audio 1 

(119) 

11.8 

15 

2.5 

7 

(161) 

6* 

17 

4 

8 

(49) 


C 0 HioO 2 , Veratrol 



4.54 | 

22 5 M. P. | 

Audio 1 

(28) 

CaHuN, Benzylinethylamine 


4 * | 

19 

5 

8 1 

( 41 ) ' 

CgHuN f Dimethylaniline 



4.84 

A 4 

0 

Audio 

(191) 

4.48 

20 

Audio 

(191) 

3.93 

mm 

50 

Audio 

(191) 

5.1 

20 

3.6 ! 

8 

(124, 164) 


♦ 0»o - —0.1ft ± | (67, !»*» 177, 111)' 

t Supercooled, 
t *' - 0.2a. 




94 


INTERNATIONAL CRITICAL TABLES 


Table 4. — ( Continued ) 

* I A | n | Lit. 


CgHuN, Ethylaniline 


6.3 


0 

Audio 

(191) 

5.9 

• • 

20 

Audio 

(191) 

5.7e 


20 

6.7 

7 

(193.1) 

5.4 


19 

5 

8 

( 41 ) 



C s HiiN, m-Xylidine 



5.o±i 

l 

20 

4 

8 I 

(41, 124, 164) 


CgHnNO, Phcnetidine 



7 . 3± 2 

1 

21 

3.6 

8 

1 ( 124 ) 


C«H 

u0 5 * Diethyl oxaloacetate 


6.i±i * 

1 

19 

4 

8 

i ( 49 ) 

C*H 

1 2 0 6 , Ethyl hvdroxymethvlenemalonate 

6.c±i | 

1 

22 

4 

8 

(49) 


CgHnOj, Butyric anhydride 


12.9 

1 

20 

5 1 

8 

( 41 ) 


C*H 

uOi, Isobutyric anhydride 


13 . 9 ± 3 


20 

\ 

8 

(189) 

17.8 


17 

5 

8 

( 41 ) 


CsHi 4 0 ( , Diethyl dU inalate 


10.2±2$ 


18 

4 

8 

( 49 ) 


CgHnOs, Diethvl i-malate 


9 . 5± 2 


20 

4 

8 

| ( ,89 ) 


CftHi«0« f Diethyl tartrate 


# 

4. 59 ±9 

| 

20 

5 

8 

1 ( ,76 ) 


CjHhO«, Diethyl racemate 


4 .59 ±9 

1 

20 

5 

8 

(176) 



C t Hi«, Octylene 



2.2i 


12 

Audio 1 

(110) 

4.15 


18.5 

5 

' 8 * 

( 41 ) 


CgHieO, Methyl hexyl ketone 


10.4 


15 

2.5 

7 

(181) 

10 . 7 ± 2 

0 

17 

4 

8 

( 49 ) 


C«Hi«Os, Caprylic acid 



3.26 


18.3 | 6 

8 1 

|( 41 ) 


C«H, 8 0„ Isoamyl propionate 


4.25 


19.5 

5 

8 

( 4l ) 


C»HieOj, Isobutyl butyrate 


4.05 


1 20 

5 

8 I 

Ml) 


C3i«Oi, Propyl valerate 


> 

4.0o 


| 18.8 

5 

8 1 

( 41 ) 



CsHitI, n-Octyl iodide 



4.92 


| 20 

5 

8 I 

( 4l ) 


C*H, 7 I, *cc.-Octyl iodide 



5.6? 


20 

5 

1 8 

( 4l ) 



CsHu, Octane 



1.96o 


20 

Audio 

(110, 133, 




1 

1 


I 47 ) 


CsH 

is, 2, 2, 3-Trimethylpentane 


1 .95o 


1 20 

Audio 

(M7) 



CsHisO, Octyl alcohol 



3.4 


1 18 

3 

8 | (»••») 


C»H„N, Diisobutvlamine 


2.7o±5 


| 22 

3.6 

1 8 

l( 164 ) 


C%Hto0 4 Si 9 Tetraethyl silicate 


4.1o 


ca. 20 

3.6 

1 8 

1 ( ,24 ) 


CAN 

f, Quinoline; M. P. = — 

22.6° 


9.0o 


+ 25 

Audio 

(76, 183) 

2.6? 


-180 



(38) 

2.9 


-150 



(38) 

11.7 


-100 


k 

(38) 

9.0 


-1- 25 

Audio 

(41, 76, 124, 


I I 163,183) 

t k' - O.OO. X *' - 0.25. 


Table 4. — ( Continued ) 


€ 


t 

A 

n 

Lit. 



C*H 7 N. — ( Continued ) 



5.0s 


238 B. P. 

Audio 

(7«) 

*.9±1 


21 

4 

8 

(41, 114, IS*, 

C*H 7 NO, Hydroxymethylenebenzyl cyanide 

5(7)* 

t 

180 

4 

8 

(«») 

6(7)8 


20 

4 

8 

(4») 


C,Hi 0 Oj, Benzyl acetate 



5.0s 


• 21.2 

5 

1 8 

l( 41 ) 



CtHioO*, Ethyl benzoate 


6 . 2±1 t 


20 

Audio 

(119, ISO) 

6 . 0±2 


20 

4 

8 

(49, 1*4) 

k' = 0 

018 

20 

2 

8 

(35) 


C»HioOj, Methyl p-toluate 


4.34 


33 

Audio 

|(«) 


C 9 H 10 O 3 , Ethyl salicylate 



8.6 


21 

Audio 

(119) 

8 . 4 ± 2 J 


21 

4 1 

• 8 

(41, 49) 


C»H 10 O 

1 , Methyl o-methoxybenzoate 


7.8±lt 


21 

4 

8 

|( 4 ») 



C»Hi 2 , Mesitylene 



2.35a 


20 

Audio 

(110, 147) 



C 9 Hi 2 , C(imene 

■ 

• 

2 397 


20 

Audio 1 

(110, 133, 






147, IS*) 

2.42 


18 

4 1 

8 

( 4 ») 



C»Hn, Psuedocumene 



2.4a 

1 

16 

Audio 

(110, 1*3) 



C#Hit, Propylbenzene 



2.36i 


20 

Audio I 

(110, 1*3, 





1 

U7) 

% 

C^HijO, Ethyl benzyl ether 



3.87±6 

l 

20 

5 1 

8 1 

( 41 ) 


C*HjiN, Benzylethylamine 



4.8 

# 


20 

5 1 

8 1 

( 41 ) 


CjHijIi, o-Dimethyltoluidine 


3.3717 

1 

20 

5 

8 1 

( 4l ) 


C»HuN, p-Dimethyltoluidine 


3.9518 


20 

5 

8 1 

( 4 ‘) 


CfHuNOiS, p-Trimethylsulfanilic acid 


ca. 94 


12.5 

Audio 

(101) 

ca. 89 


18 

4 

8 

(101) 


C#Hu< 

a 

Oh Diethyl oxalopropionate 


9.112§ 

1 

19 

4 1 

8 | 

( 4 ») 


C*Hi«O f , Glyceryl triacetate 



6.011 

1 

21 

5 

8 |(««) 


C*H„Oj, Isoamyl butyrate 



3.9518 


20 

5 

8 |( 4 ‘) 


C»Hi S Ot, Isobutyl valerate 



3.85ir 

l 

19 | 5 

8 !(«•) 


C»H 

70, 2, 2'-Dimethylheptane 


1.89 

1 

20 

Audio | ( l4 *) 


C,H 

20 , 2, 4-Dimethylheptane 



1.8* 

1 

20 

Audio | (>«») 


C,H 

to, 2, 5-Dimethyiheptane 



1.99 

1 

20 | 

Audio | ( I47 ) 


C»H I0 , 2-Methyloctane 



1.965 


20 1 

Audio | (»« 7 ) 


C»Hjo, 4-Methyloctane 



1.965 


20 

Audio | (!«*) 


• k’ - 0.30. 


t - -o.o (»i*. in), 

X k ' - 0.07. 

I *' - 0.10. 


•*' - 0 2s. 
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Table 4. — ( Continued ) 


4 [ 

t 

A 

n 

Lit. 


C 9 H 20 » Nonane 



1 ,96s I 

20 

Audio 

(147) 

CioHyBr, 1-Bromonaphthalene 


5 . l7± 5 

19 

Audio 

( 1H ) 

5 .Oo±5 . 

22.7 

Audio 

(«) 

4.85±5* 

19 

4 

* 1 

(41, 4») 


CioHg, Naphthalene 



2.52±8t 

20 

4 

8 

(SI, 174) 

2.5i 

15 



(81) 

2.4o 

40 



(81) 

2.3o 

60 



(81) 

2.19 

80 M. P. 



(81) 

2.3o 

100 



(81) 

2.4a 

120 



(81) 

2.6i 

150 



(81) 

2.64 

180 



(81) 

2.2s 

80 M. P. 

4 

8 

(81) 

3.2? 

80 5 M. P. 

Audio 

(28) 

C 10 H 10 O 2 , Benzoylacetone 


15.7(7)4 

80 ! 

4 

8 

(48) 

2. 8(?)« 

20 

4 

8 

(«) 


C 10 H 10 O 2 , Safrol 



3.1j±« 

21 

4 

8 

(48) 

2.57 

18 

3.6 

8 

(124) 


CioHioOa, Isosafrol 



3.4o±r 

1 21 

4 

1 8 

1 {**) 

CuHitO, Cumicaldehyde 


10.7 

15 

| 2.5 

7 

|(181) 

CioHiaOi, Phenylethyl acetate 


4 . 5 ± 2 

15 

Audio 

|( l7 >) 

CioHitOj, Ethyl phenylacetate 


6 . 4 ± 1 

21 

4 

8 

1 («») 

CioHiaOt, Eugenol; some absorption 


6.i±i 

18 

3.6 

! 8 

l( 114 ) 


CtoHu» p-Cymene 



2.26 

17 

Audio 

(78, 110, 133) 

2.27 

176 5 B. P. 

Audio 

(78) 

2.4s 

18 

3.6 

1 8 

(124) 

Cu>Hi«i Isobutylbenzene 



2.3e 

17 

Audio 

| (‘1®. 7 33) 

C 

IjoHii, fert.-Butylbenzene 


2.38i 

20 

Audio 

(147) 

2.0 

20 

5 

1 8 

(«) 


CioHmO, Carvol 



11 .2±2 

18 

3.6 

1 8 

1 (>“) 

CioHuOj, “Hagemann’s ester” 


18 . 0±4$ 

20 

4 

8 

L( 49 ) 

10 . 6 ± 2 || 

20 

4 

8 

[( 49 ) 


C 10 Hi«, Terpinene 



2.7 

1 21 

3.6 

1 8 

1 ( ,24 ) 


CioHi», d-Camphene 



2.75 

20 

1 5 

1 8 

|(178) 


CioHi«, i-Camphene 



2.7a 

20 

5 

1 8 

1 (> 7 *) 


CioHi«i dLCamphene 



2.7s 

20 

5 

1 8 

|(178) 

• 

CioHie, Dipentene 



2 3o 

20 

5 

8 

(1 7 8) 

3.2 

21 

3.6 

8 

(124) 


2 3 c 

* k' - 0 . 05 . 
ft k' » 0 . 09 , keto form. 
U *' -* 0 . 27 , cnol form. 


CioHi«, d~Limonene 

I 20 15 

t 6to - - 0.7 (•«» »™)7 


8 1 (17«) 

t EdoI form 


Table 4. — (Continued) 




t 

A 

• 

n 

Lit. 

2.60 


C 10 H 1 6 , d-Pinene 

1 20 1 5 1 

8 

1 ( ,7 ®) 

2 . 7 o 


CioHi«, i-Pinene 

20 1 5 | 

8 

i( ,7 ‘) 

2 . 7 s 


CioHifl, d£-Pinene 

20 1 5 | 

8 

1 (> 7 «) 

8 . 7 ± 2 

CioHi« 0 , Dihydrocarvone 

1 19 ! 4 1 

8 

1 ( 4 ») 

19 . 3 ± 2 

1 

CioHieO, Carveno 
20 

ne (?) 

Audio 

I (M») 

18 . 4 ± 4 * 


20 ; 

4 1 

8 

* 

|( 4 ®) 


9.7±2 

9 .o 

8.9 

3.7 

2 . 8 o±o 

27.9±5 

2.27 

2 . 4 a 

3.62±7 

1 . 95 a 

1.99 

3.U±« 

2. 57 ±5 

16.3±3Z 
I8.4±4 1 
19.6±4* 
6.4±1* 

17 . j±a 

4.8 


Ci 0 H l flO, Pulegone 
19 | 4 

CioHi$ 0 , Menthone 


8 K«t) 


20 

18 


5 

3.6 


CioHisO, Terpineol 


21 

20 


3.6 

4 


8 

8 

8 

8 


CioHnOj, Acetylmethyl hexyl ketone 


19 I 3.6 | 8 

CioHjo, Decylene 

17 | Audio 

CioHm, Diisoamylene 

17 | Audio 

CioH m O s> Isoamyl valerate 

19 | 5 | 8 

CioH 22| Decane 

20 | Audio 

CioHn, Di(iso?)amyl 

17 | Audio 

CioHnO, Amyl ether 

16 | 4 | 8 

CioHnN, Diamylamine 
| 18 | 3.6 | 8 

CuHrN, a-Naphthonitrile 


70 

40 

22 

21 


3.6 

3.6 

3.6 

3.6 


CnHrN, / 3 -Naphthonitrile 


70 

22 


3.6 

3.6 


8 

8 

8 

8 

8 

8 


( 4I ) 

(124) 

(124) 

(42) 

(54) 

( 110 ) 

(133) 

( 4l ) 

(110, 147) 
(133) 

(42) 

(124) 

(164) 

(164) 

(164) 

(164) 

(164) 

(164) 


_ w l « ^ w 

C i iH 10 O 4 , Methyl acetophenoneoxalate; double enol form 


13 . 2 (?) f 

2.a(?)« 

6.6*±e 

5.3e±0.1t 


70 

18 


4 

4 


8 

8 


CnHijOj, Ethyl einnamate 


19 

19 


Audio 
4 I 8 


(49) 

(49) 

(119) 

(49) 


CuHuOi, Ethyl benzoylacotate 

20 Audio 

20 4 | 8 

20 4 | 8 

65 4 j S 

CiiHuO), Ethyl fonmylphenylacetate 
3.0 | 20 | 4 , s ( 49 ) 

CuHijOi, Ethyl hydroxymcthylenephenylucotato 

5 . 0 ±iy 1 20 IS (4 9 ) 


12.8 ±1 
ea. 9.4$ 

* 14. « II 

CO. 11 


(119) 

(189) 

(49) 

(49) 


**' - 0.1a. 
t - 0.14. 
X V - 0.08. 

| Absorption 
II k ' - 0.24. 
f it' * 0 27. 
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5.9 

5.5i ±5* 
5.52 ±0.1 
4.97 ±0.1 
k' = 0.02s 


Table 4. — ( Continued ) 

^ i iu. Mvs ] 9 iwuutyi ueuzoaLe 

i 



20 

20 

20 

20 

20 


3.8 | 1 

Audio 


4 

5 
2 


8 

8 

8 


7. 1 ± 2 f 

12.6(7) § 

5.2 (?)•§ 


CnHuOi, Ethyl o-ethoxybenzoate 
I 21 I 4 I 8 


i I I 

CnHuOi, 3-Hydroxymethvlenecamphor 


(180) 

(119) 

(49) 

(41) 

(35) 

(49) 


97 

30 


4 

4 


8 

8 


(49) 

(49) 


_ I I | \ 

CnHigOs, Triethyl 1, 1, 2-e.thanetricarboxyIate 


6.58 ±0. 1 a || 


19 


3.012 


3.9 / 


3.3s 


3.2s 


CuH io* Acenaphthene 


4 8 I (49) 


21 


8 (174) 


C i iH ioO| Diphenyl ether (supercooled) 

I <28 | 5 | 8 | («i) 

CijHnN, Diphenylaraine 
| 52 M. P. | Audio | (28) 

CuH,,0, a-Naphthyl ethyl ether 


8-0 (7)11 

3 . 3(?)s** 

5. 1 5 ± 5 f t 
4 .9o ±0. 1 
k' = 0.02a 

5.4±1 

C 

3(7)1 

2.5 (?)« 


6.4e±6§§ 
5.5o±5 
5.75 ±0. li 

7.2±l1H 

4.9il** # 
3. 1« 

13. al 
12 4ftf 
11.4ftt 


2 . 6 / 

2.76 

11 . 8±1 

s 


| 19.4 

5 

8 

)<* Ethyl acetophenoneoxalate 

46 

4 

8 

18 

4 i 

8 

'nHi«Oj, Amyl benzoate 


20 

Audio 

20 

4 

8 

20 

2 

8 

Isoamyl salicylate 

| 20 

5 

8 

iO*, Diethyl succinosuccinate 

130 

4 

8 

19 

4 

8 


CijHuO», Triethyl aconitate 
20 Audio 

70 Audio 

20 4 I 8 


CijHuO«, Triethyl isoaconitate 


20 

20 


4 

4 


8 

8 


CisHioO, Benzophenone 

25.5 Audio 

20 Audio 

40 Audio 

60 Audio 


CiiHii, Diphenylmethane 


27 

17 


4 

4 


8 

8 


CuHuOi, Ethyl benzoylacetoacetate 

21 
21 


Audio 
4 I 8 


• - -1.2 (lit), 

t *' - 0.00. 

I *' - .0.05. 

II k? - 0.08. 

T Double enol form. k‘ — 0.24. 

•• k‘ <0.02. 

tf d„ - -0.7 (lit. »••). 

X Xk’m 0.02. 

II - -i.a 
Hi v - O.lt. 

*5 End form, V -» 0.11. 

*** Keto form, V < 0.2. 

ttt Either stable or me taa table forme. 

ttt 1 end form; Jr* - 0.2s. 


|( 41 ) 

(49) 

(49) 

( 1 1 9, 180) 
(49, 124) 
(35) 

( 41 ) 

( 49 ) 

( 49 ) 

(119) 

(119) 

(49) 

( 49 ) 

( 49 ) 

(191) 

(191) 

(191) 

(191) 

( 49 ) 

(4», 124) 

(119) 

(49) 



2 8o 
2.79 
2.84 
2.9e 
3.13 
3.22 
3 . lo 
2.9e 


'JO 


4.2o±4 
4.8s ±0. 1 

4.1 

4 . 2 
2 3s 

2.3 8 
2 5« 

3.8* 

4.3/* 

4.2/ • 

4.1/f 

4.0/f 

6 . 9 

3 .62 ± 7 


Table 4. — ( Continued ) 

I A 

CiiHio, Phenanthrene; M. P. 

20 
15 
40 
80 
100 
110 
150 
190 

» + 0.2 

ChH, 0 O„ Benzil 
I 95 | 

CuHitOt, Benzyl benzoate 
I 20 | 5 | 8 

CuHiiO*, Benzyl salicylate 
I 20 | 5 | 8 

CiiHi.I7.Oi, p-Azoxyanisofe 
130 | Audio 

50 
80 
85 
90 
100 
120 
135 
150 
130 


n 

99° 

8 


(M, 174) 

(*>) 

(*») 

(81) 

(II) 

(«*) 

(81) 

(81) 

(81, 174) 


Ci,Hi.N, Dibenzylamine 
20 I 3.6 


Audio I (**) 


( 41 ) 

<«) 

( 3 ) 

( 3 ) 

( 3 ) 

( 3 ) 

( 3 ) 

( 3 ) 

( 3 ) 

( 3 ) 

( 3 ) 

(94) 


8 I (124, »«4) 


7 96±8 


0 

Audio 

(119) 

7 03 


20 

Audio 

(II 9 ) 

6.82 


50 

Audio 

(II 9 ) 

5.88 


70 

Audio 

(II 9 ) 

4.4(?)t 


20 

4 1 8 

( 49 ) 

CuHjjOa, 

Tetraethyl propylene- 1 , 1 , 3, 3-tetracarboxylate 

6 91 2§ 


19 

4 > 8 

(49) 

C u H, 4 Ot, Tetraethyl propane- 1 , 1 , 

3, 3-tetracarboxylate 

6.312|| 


19 

4 8 

(49) 

0 

1 

t Tetraethyl propane- 1 , 2 , 

2, 3-tetracarboxylate 

5.211H 

i 

19 

4 | 8 

(49) 


CiiHigNtOi, p-Azoxyphenetole 


6 . 8 

i 

160 | 

4 1 5 | 

(94) 



Ci«HjjI, Cetyl iodide 


3 3716 

i 

20 | 

5 | 8 

(««) 



C 17 H 11 NO 4 , </-Cocaine 


3. lo 1 4 

i 

20 1 

5 | 8 | 

(178) 



Ci 7 HtiNO«, /-Cocaine 


3 1614 

i 

20 

5 I 8 

(«74) 

CitHs«Oi, Tetraethyl <*-amylene-l, 1, 3, 3-tetracarboxylate 

4 . 41 i •• 


19 I 4 8 

( 49 ) 

CnHrsO*, 

Tetraethyl pentane- 1, 1, 3, 3-tetracarboxylate 

4.811ft ' 


19 

4 8 I 

f 49 ) 

CitHmOi, 

Tetraethyl pentane-2, 2, 4, 4-tetracarboxylate 

4.a±ift 

i 

21 

4 | 8 |(«») 



CuHafOt, Oleic acid 


2.45 ±0.1 

1 

20 

4 8 | ( 

41, 98) 


•Turbid. 

TV - 0.17. 

t Homogeneous. 

*• v - 0.03. 

X k' - 0.1s. 

ft *' - 0. lo. 

1 * - 0.1s. 

XX k' - 0.0s. 

1 k' - 0.1s. 
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Table 4. — (Continued) 


€ 

t ! 

A 

n 

Lit. 

CisHssOtNa, Sodium oleate 


2.75*83 

20 

4 

8 

(98) 

2.8 8 ±8/ 

M. P. 

4 

8 i 

(98) 

(CuHsaOs)tCu, Copper oleate 


2.8o±8« 

20 

4 

8 

(98) 

2.8o±8 l 

M. P. 

4 

8 

(98) 

(CiiHuO^sFe, Ferric oleate 


2.68±s 

20 

4 

8 

|(98) 

(CisHuOi)iAI, Aluminium oleate 


2.4o±8 

20 

4 

8 

| (98) 

(CisHa I 0 J ) 3 Pb, Lead oleate 


3.27±0.1s 

18 

4 

! 8 

(98) 

3.7o ±0. If 

M. P. 

4 

8 

(98) 


C 30 H 34 O 3 } Caraphorpinacone 
3.6s | | 4. | 8 | (•) 

CjjHuOi, Isobutyl ricinoleate 
4.7 | 21 | Audio |(191) 

CsilLiOg, Tetraethyl hexane-l-phenyl-2, 2, 4, 4-tetracarboxylate 
5.J>(?)* | 20 | 4 | 8 |(49) 

CwHaeOa, Tetraethyl pentane- 1 , 5-diphenyl-2, 2, 4, 4-tetra- 

carboxylate 

2.7* | 20 | 4 | 8 | (49) 

**' < 0.02. 

1 

Table 5. ^Dielectric Constant of Glycerol (CjH 8 0») 

See also Table 6 
• 

Melts at 17°C. (a) * state of purity is unknown ( 68 ); ( b ), (c), 

and (e) = 98% pure ( 7B ); (d) = carefully purified (•*); (/) = 
pure (*®). Frequency = A X 10* cycle/sec; t =» centigrade 



Table 6. — Dispersion and Absorption Data: Organic 

Compounds and Solutions 

For no organic compound, other than those in this table, are 
data available for the variation of n and of nk' over a wide range 
of frequency (p), but data for one or two values of v are available 
for a number of other substances. The values of k f for these sub- 
stances are given in Table 4. 

n = index of refraction, k f =* index of absorption, X 0 = wave- 
length in a vacuum. If E x * energy at x of a train of plane waves 
travelling in the direction of axis of x , then E x => E 0 e~ 4rnk ' x/X o, v = 
A X 10* .’ Unit of w. =■ 1 cycle/sec; of X 0 — 1 cm; t = centigrade 
temperature, °C. 

CH 4 0, Methyl alcohol 


n 

in 

t 

A 

8 

rry 

1 ^0 

Lit. 

5 65 

0.32 

18 

3.3s 

8 

90 

(143, 151) 

5.7o±6 


18 

4 

8 

75 

(44, 143) 


0.37±i 

18 

4 

8 

75 

(11, 48, 143, 151, 







196) 


0.4s 

9 

4 

8 


( U ) 


0.3a 

21 

4 

8 


(”) 


0.3e 

18 

5 

8 i 

60 

(151) 

5.6s 

0.48 

18 

5 

8 

60 

(143) 


0.4o 

18 

6 

8 

50 

(151) 

5.65 

0.66 

18 

6 

8 

50 

(143) 

5.7o 

1.32 

18 

7.5 

8 

40 

(143) 

60s 

2.3s 

18 

9 

8 

33 

(143) 

3.8 

1.45 

17 

5 

9 

5.7 

(53) 

5.4 



6.7 

9 

4.5 

(125) 

3.6 

1.38 

18 

8 

9 

3.7 

(53) 

2.8 

O .80 

17 

1 .7 

10 

1.7s 

(53) 


5.17 

5.2o 

5.24 

4.9a±6 

4.5i±e 


CjHeO, Ethyl alc ohol (99. 

Ir 3 ' 8 

18 


0.79 
0.7a±o 
0.9s ±2 

1.0s 

O .80 


4.0o 

4.3t 

4.8o 

4 . 8 ± 1 
4.3s 

3.7 

3.5 

3.9 

3.6 
3.2 

2.25 

2.9? 

3.4 

2.8 

3.4 

2.4 

2i 

2.57 

2.29 

2.24 


1.00 

!0.9o 

1.1 
1.9 
3.2 
1.48 
O .60 


0.4s 
0.4s 
0.3s 
0.3o 
10 . 2 o 


18 
18 
18.7 
19 
18 

13 
21 
17 
16 
16 
19 
17 
19 
19 
19 
19 
19 

17 

18 



17 
15 
17 
17 
ca. 19 
ea. 19 


1.4 

3 

3.5 

4 

4 

4 

4 

4 

4 

4.7s 

5.7 
6 

6 

8 

1 

1.3e 

5.3 
6 

6.7 

7.5 
8.1 
9 

1.72 

2 

3.3 

3.8 

5 

7.s' 


7 

^ /OJ ) 

900 

>0 A'lg. * 

I MM) 

7 

600) 

(32) 

8 

300 / 

3 8 

259 

(32) 

8 

220 

(“) 

8 

100 

(131) 

8 

85 

(33, 143, 151) 

8 

75 

'(11, 46, 48, 143, 

151) 

8 

75 

(“) 

8 

75 

( ll ) 

8 

75 

(33) 

8 

75 

(143) 

8 

75 

(44, 48) 

8 

63 

(33, 143, 151, 196) 

8 

53 

(122) 

8 

50 

(151) 

8 

50 

(143) 

8 

*3 

• 

CO 

(143) 

9 

30 

(143) 

9 

22,2 

(196) 

9 

5.7 

(53) 

9 

5 

(32) 

9 

4.5 

(126) 

9 

4 

(122) 

9 

3.7 

(53) 

9 

3.3 

(130) 

10 

1.75 

(53) 

10 

1.5 

(130) 

10 

0.9 

(130) 

10 

0.8 

(109) 

10 

0.6 

(109) 

10 

0.4 

(109) | 
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positive in direction from c-axis towards o-axis. The acute crystal 
angle 0 « -bci-* is, therefore, negative. The value of e in any 
given direction is numerically equal to that semidiameter of the 

ellipsoid — + -~z + -7 =1 which is || to the given direction. 

«*i =* value when field is J_ plane of cleavage, e« = mean value 
of «; for uniaxial crystals, cp + 2 e ± = 3^; for orthorhombic 
crystals, (, + q = 3«*,; for monoclinic, «i -f e* + *, = 3«w,; 
trans. = transparent; trl. = translucent. For other symbols, 
see p. 82*. Unit of t = 1 cgse unit; of x — 1°. Frequency, 
* *= A. X 10* cycle /sec. 

Isometric (or regular, or cubic) system, optically isotropic 


NH<Cl 
NILBe 
P 
C 

AgCI 
AgBr 
Pb(NO»>i 

Aii(NH4)ifSO«)«.24HjO 

CaPi 


NaCl 


NaAlSiCVHjO 


KI 

KiAH(80»)«.24Hj0 

RbiCnr80«k24Hx0 
RbiAli(SO«)«.24HiO 
(^tAl*(80»)«. 24 HiO 


Ammonium chloride. 
Ammonium bromide 
Phosphorus (yellow). 

Diamond 

Silver chloride 

8 »lver bromide 

Lead nitrate 

Ammonium iIujd . . . . 
Fluorite (colorless) . . 


Rock mlt 


Analcite. . 

Potassium 

Potassium iodide 

Potaasium alum 

(10*C) 

Rubidium chrome alum 

Rubidium alum 

Cesium alum 


6 8 
7.3 
3.6e 
5.5 
11.2o 
L2.1t 
10.8 
6.0 
6.8b* 

6.7«± 4 

6 2 ± 0.1 

5.7*±a 


5.9±0. 1 

6.7 

5.1 

5.4 

6.5± 0.2* 
6.3a 

5.0 

5.1 
5.0 


E 

1 *» 

| Lit. 

1 

12 

(114) 

1 

12 

(114) 

3 

18 

(147) 

3 

18 

(*«7) 

1 

5; 7 

(•0) 

1 

6; 7 

(•0) 

1 

12 

(114) 

1 

12 

(114) 

Audio 

(*•» *•*» 



ITS) 

i 

5;12 

(••.114, 
IBt, 1 ••) 

Audio 

(••» 14*, 



'") 

i 

5; 9 

1»«, !•«, 
1*1) 

i 

12 

(114, 1 1 •, 

,M ) 

i 

1? 

(114) 

i 

12* 

(114) 

i 

12 

f 1 1 4) 

Audio 

(*•» IT*) 

3 

8 

(!•«) 

1 

12 

(114) 

1 

12 

(114) 

1 

12 

(114) 


Tetragonal, trigonal, and hexagonal systems, optically uniaxial 



Chalcedony 
Rutile (brown) (19*0 


o - 4.2 

86±3 |l70± 3 


1 

12 

(114) 

1 

8; 12 

(»»•.*••) 


Tetragonal, trigonal, and hexagonal systems. — {Continued) 
I i « J. I t U i A I n ! Lit. 


TiO* 

ZrSiO* 

SnOj 

PUCKPO 4 ). 
(Zn. Fe, Cd)S 
ZnCO, 

HgCl 

FeCO, 


PbMoOd?) 

AI1O1 

AlrOi 

H*Ali(BOH)j- 

S«0l.(?) 

BciAli<SiOi)« 


H.(M*. FekAL- 
8 UO 11 

Ca*(CL F)(PO0i 
CaCOi 


CaCOi 


CaJAKOH. T)\- 
Al»(SiO«)»( ?) 
CaMg(COi)j 
NaNO, 

KLiSCh 

NaKjfSOg)* 


Rutile (trans.) 

Zircon (trans., yellow) 

CasBiterite . 

Pyromorphite (trl., yellow 
Wurtsitc 

8mithsomte 

Calomel 

Siderite 

(trl.) 

Wulfenite (red) 

Corundum; sapphire 

'synthetic) 

R»ihv 

(synthetic) 

Tourmaline (clear) 

(bright green, trans.). . . 

Beryl (trans.. blue)(19°C). 
(trans., green) (19°C) . . 

(emerald) 

(aquamarine) 

(aquamarine) 

Penninit* (trans., green) 

(19*C) 

Apatite (lilac) U9*C) 


Calcite 


4 m 


€m 


Audio 

Audio 

Audio 

Audio 


Audio 

Andio 

1 I 12 


9.5o| 

10 5 

8 5±0.2 


(Iceland) (19“C) 8.5±0.2 

(deduced) (27.8*C) 

(deduced) (27.8°C) - 8 


8.0±0 21 3 I 8 
Audio 


1 


Marble 


• ^ • • • 


4. - 8.3* 


«--8.5±0.3 1 


Vemrmnite (trans.) 8.5±0.1 

Dolomite 8.0± 0.2 

Soda nitre <5.5 

Potassium lithium sulfate . 5.4 
Sodium tn potassium sulfate 7 2 


For footnotes, see p. 100. 


(114, !••) 
(114, !«•), 
(114) 

(114) 

(114) 


Monoclinic system, optically biaxial 



CuH„Ou 
Zn(NH,),(80,),.6H t 0 
CuCOj.Cu(OH), 
Mn(NH 4 ) a (S0 4 )*.6H,0 
Co(NH 4 ),(S0 4 ),.6H,0 
Ni(NH 4 ),(S0 4 ),.6H,O 
Mg(NH<),(S0 4 ),.8H,0 
CaSO,.2H,0 


CaMg.8i 1 0,.x(Mg, Fe)(Al, Fe)SiO,(?) 

Na,HAs0 4 .12H,0 

K,Co(80 4 ),.6H,0 

K,Ni(S0 4 ),.6H t 0 

KA18iiO> 


Cane sugar 


Malachite 


Gypsum 


Augite 


Adular 




5.9 

6.1 

5.4 

7.1 


9.92 
11.6 
8.57 
10.3 

9.4 

6.4 
5.3a 
6.2 


7.2 


6.2 



n 

8 

2 

12 

2 

2 

2 

2 

0 


Audio 


5; 7 
12 
8 
12 
8 
12 
2 
2 
2 
8 
12 


<«> 

(«) 

( 114 ) 

(**) 

(«> 

(**) 

(«) 

( 36 ) 

( 173 ) 

( 90 , 181 

( 155 ) 

( 166 ) 

( 157 ) 

( 52 ) 

( 157 ) 

(«) 

(«) 

( 22 ) 

( 32 ) 

( 187 ) 
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Orthorhombic system, optically biaxial 



1 

tm 

<4 

1 4<! 

1 4« 

A 

1 n 1 

s 

Sulfur 


4.0 




2 

0 



3.8i 


3.97 


4.7? 

3.2 

1 



3.6? 


3.8? 


4.66 

1.7 

2 


(trans., from CSj) (19°C) 

3.59 

| 

3.8s 


4.6i 

3 

8 

c«h 8 o 7 

Citric acid 

4.7 


4.3 


3.3 

1.7 

2 

PbClj 

Lead chloride 


4212.0 




3 

8 




4013.0 




1 

12 

PbCO, 

Cerussite 

26.411 


23.0 


19.6 

3 

8 



24.2±0.3 


25.010.3 


26.310.3 

1 

12 

HgCl* 

Mercuric chloride 


6.55±5 




1 

12 

(AlF),Si0 4 

Topaz 

* 



6.5s* 


2 

0 



6. 25 1| 


0.5s 


6.44 

Audio 


(trans., yellow) (19°C) 

6,6s 


6.7i 


6.2s 

3 

8 



7.4 


7.3 


7.6 . 

1 

12 

MgS0 4 .7H:0 

Magnesium sulfate 

5.3 


6.1 


8.3 

1.7 

# 

2 

CaS0 4 

Anhydrite (trans.) (19°C) 



5.7o±s 


6 . 3h ± 5 

1 

8; 12 

CaCO* 

Aragonite 

9.1 




6.o 

Audio 


(19°C) 

9. 87 ±3 || 


?.7a±s 


6.59±3 

3 

8 



6.7 

1 

10.5 


7.6 

1 

12 

SrSU 4 

Celestite (trans.) 

7.95 


18.6 


8.3o 

3 

8 



9.3 


44f 


8.5 

1 

12 

SrCO, 

Strontianite 

6.6 




6.5 

1 

12 

BaS0 4 

Barite 

7.o 


11.0 


7.o 

Audio < 



7.6s 


12.2 


7.7o 

3 

8 



9.1 




9.8 

1 

12 

BaCOi 

Witherite (19°C) 

7.8±0.1|| 


7.510.1 


6.410.1 

3 

8 





7.5 


7.3 

1 

12 

KNaC 4 H 4 0«.4Hj0 

Rochelle saltll (0°C) 

80U 





0 

0 


(0°C) 

700 





3.3 

1 

0| 



6.7 


6.9 


8.9 

1.7 

w 

2 


0°C 

112 




• 

40; 8 

3 ( 


0°C 

70 





4 

5; 7 ( 


15°C 

80 

% 




4 

5; 7 ( 

k»so 4 

Potassium sulfate 

6.1 


5.7 


4.5- 

1.7 

2 ( 


lit. 


(»•> 

(**) 

(«) 

(»•«) 

(«) 

(i«T) 

(ii4, n»») 
(164) 
(114) 
(114, 145) 

(*«) 

(«•) 

(>••) 

(114) 

(») 

(114, 144) 


Triclinic system (no data available) 


• Very small absorption, 
t Probably too great. 

J Large absorption. 

§ Loral impurities, inclusions. 


fl Colorless. 

1 Behavior anomalous —20 to 4*25*C. At low frequencies, measurement* 
are a IT ec tod by mechanical vibration, fatigue, and abeorption. 


Table 8 — Dielectric Constant («) of Binary Mixtures and 

Solutions 

For data below — 80°C, see Table 10; for solutions of oleates, 
see Table 9; for mixtures of gases, see Table 3; for colloidal sus- 
pensions, see Table 11, 

Concentrations are expressed in terms of the amount of the 
B-eomponent contained in the mixture, except in a few cases in 
which the A-component is a solid, or the volume % of A is given. 
An asterisk (•) indicates that all values of that series have been 
recalculated so as to make them correspond to the values adopted 
(Table 1) for the standardizing liquids. 

The frequency (cycles per sec) of the applied emf and the tem- 
perature are given immediately below the B-component. 

The concentration of component (A), (B) is indicated in each 
case by one of the symbols Mb, M %, Vol. %, Wt. %. Mb - 
molar concentration, unit * 1 gram mole B per liter of solution; 
M % B ■> molecular percentage, unit = 1 gram mole B per 100 
gram moles of the mixture, the total number of moles of the mixture 
being assumed equal to the sum of those of its pure constituents; 
V' =■ thousandth normal, unit » 1 gram equivalent of B per 
1000 liters of the mixture; Vol. % ■■ volume percentage, unit — 1 
cm* of pure A, or B, per 100 cm* of mixture; Wt. % B — weight 


percentage, unit = 1* gram B per 100 grams of mixture, i m 
centigrade temperature, °C; for other symbols, see p. 82. 


B - CH 4 1I,0, 
Urea f*<>) 

Mb | € 

6.6 X 10*; 20°C( #0 ) 


0.5 

80.2a 

' 1.0 

81.5i 

1.6 

82.81 

2.0 

83.9s 

2.5 

85.16 

3.0 

• 86.1? 

0 

B — CHiO, Methyl 

alcohol ( 4f ) * 

Wt. % B 

€ 

4 X IQ*; 1/°C 

0.0 

82.6* 

10.0 

77.6 


L Aqueous Solutions 

TJWt of « - 1 cgse unit 

B - CH 4 0.— 

( Continued) 


Vit. % B 

* 

20.0 

72.8 

40.0 

63.o 

60.0 

52 a 

80.0 

. 42.e 

100.0 

33.8 

5.6 X 10»; 18°C (*•) 

20.0 

69.6 

4^.0 

61.4 

60.0 

52.4 - 

80.0 

43.1 

100.0 

33.8 


B - C»HiCl>Ot, 
Chloral hydrate 
( 174 ) 

M % B | .• 

4 X 10*; 21.8°C 
40.8 |33.6±1° 


B - CsHJTO, 

Acetamide ( ,74 ) 

M %B l • 

4 X 10 f , 21.rc 

40.7 I 7.2±0J 
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B - C?H*NOj f 

Glycocoll ( 72 ) 
Wt. % B c 

4 X 10-: 20’C 


0.0 

1.0 

4.0 

8.0 
16.0 


81 . 9 * 
86.9 

90.8 
93 4 
94.7 


B = CpHeOj, 
Resorcinol ( l74 ) 

M %B I « 

4 X 10 s ; 21.8°C 

17.8 I 3 .2 ±0 .2 


B = CsH.tOe, 
Dextrose ( 72 ) 


B — C„H, 7 NO,S, 

Tetraethyl ammo- 
nium naphthalene- 
0-sulfonate (*1*) 

A v | € 

7 X 10 6 ; 20°C 
2 75.1 

5 66.9 


B = CsHcO, Ethyl 
alcohol ( l33 ) 

See also Table 6 
Wt. %B c 
Audio; 20°C 


Wt. % B 

€ 

4 X 10 8 ; 20°C 

0.0 

81.9* 

10.0 

68.4 

20.0 

55.7 

30.0 

42.8 

40.0 

30.3 


B = Albumin ( 7 
Wt. % B | < 

4 X 10 s ; 20°C 


0.0 

0.50 

1.00 

4.00 


81 . 9 * 

71.8 

67.o 

52.3 


20.0 

30.0 

40.0 


59. s 

45.4 

31.4 


B = C]HgO t 

Acetone ( 4 9 ) 

4.0 X 10*; 19°C 


0.0 

25.0 

50.0 

80.0 
100.0 


81.8* 

67.7 

51.2 

32.2 

20.7 


B = CeHnOe, 
Mannitol ( l74 ) 

M % B | « 

4 X 10 8 ; 22.0°C 

1.8 | 3. 0 + 0. 2 


0.0 

5.00 

10.0 

20.0 

30.0 

50.0 


81 . 9 * 

68.2 

60.2 

53 4 

49.6 

44.8 


B = Pepsin ( 72 ) 

4 X 10*; 20°C 

1.0 79.9* 

2.0 77.4 


CaH«Oi, 


B = CtHsNOsS, 
Saccharin ( 72 ) 
Wt. % B | « 


Propionic acid ( 49 ) 

4 X 10 8 ; 20°C 

4 X 10 8 ; 17°C 

0.0 

81.9 

55.0 

43.8* 

0.10 

85.5 

60.0 

29.1 

0 25 

91.i 

62.5 

25.4 

0 50 

87.7 

65.0 

24.9 

1.00 

78.6 

70.0 

24.7 

2 00 

73.6 

75.0 

23.4 

10.0 

58.5 

80.0 

19.4 

# 

20.0 

48.3 

90.0 

10.9 

30.0 • 

39. a 

95.0 

6.8 


B = Trypsin ( 72 ) 
4 X 10*; 20°C 
0.25 83.9* 

0.50 85.3 


B = CuS0 4 , 

Copper sulfate ( 112 ) 

N' | « 

7 X 10«; 20°C 
1.14 73.5 

2.28 75.8 

4.58 72.i 


B * Cfl 7 NO a , 
Urethane ( I74 ) 
M % B | « 

4 X 10 8 ; 21.7°C 
35.5 | 32 ±1 


B *» CijHjjOu, 
Cane sugar ( 72 ) 


KC1, Potassium 


4 X 10®; 20 c 

'C 

chloride 

(112) 

0.0 

81 

9* 

9 X 10®; 

20°C 

10.0 

80. 

9 

0.755 | 

78.6 

20.0 

75. 

8 

7 X 10 8 ; 

20°C 

30.0 

68 

2 

0.755 

73.4 

50.0 

49 

9 

1.51 

74.4 

60.0 

39. 

7 

7.55 

65.1 


B - C,H.NO„ 

Snccinimide ( 174 ) 
M % B | « 

4 X 10*; 22.3°C 
5 2 | 5.8±1.0 


5.6 X 10‘; 18°C(»0) 


2. Nou-Aqueous Solutions; The Arrangement; 

v. Vol. Ill, p. viii 

B * C 6 He, Benzene B = C 2 HeO, Ethyl 
(ii«) alcohol (139) 

M % B | « Wt. % Bi « 

Audio; 20°C Audio; 18°C 


CC1 4 

Carbon tetrachloride 

B CS», Carbon 

disulfide ( 42 » 77 > 
116) 

Wt. % B I « 


Audio; 20°C 


20 

40 

60 

80 

100 

Wt. % B 


2.31 
2.39 
2 47 
2 56 
2 66 
d 


0.0 

2.27* 

30.0 

22.7* 

25.0 

2.22 

40 0 

19.80 

60.0 

2.22 

60.0 

14.00 

75.0 

2.23 

80.0 

8 25 

100.0 

2.28 

100 0 

2 64 


20 


50.0 

i -49.4* 


6.00 47.8 

40 

60 0 

43.9 

B — CeHitOs, 

15 00 1 33.4 


70.0 

80.0 

38.7 

34.1 

Levulose ( 72 ) 

4 X 10®; 20° C 


60 

90.0 
100 0 

29.8 

26.5 

0.0 81.9* 

in n 7 % 9 

B - Gelatin ( 72 ) 

4 X 10®; 20°C 

80 


(10 / 45) 

- 0.14 

- 0.15 
(10 t 55) 

|- 0.18 
(10 t 40) 

I- 0.18 


B = C 2 H 4 Br 2 , 
Ethylene 


B — CjHieO, Ethyl 
amyl ether ( 42 ) 
Wt. % B | « 

Audio; 22.9°C 


20.0 

50.0 
70 0 

90.0 


2.64 

3.17 

3.28 

3.40 


B = CuHioi 
m-Xylene ( 42 ) 
Audio; 20°C 


bromide ( 42 ) 

10 

2.27 

Wt. % B| € 

40 

2.31 

Audio; 23°C 

70 

2.34 

30 I 2.59 

90 

2.37 


50 

70 

90 


3.02 

3.38 

3.85 


B = CjH 6 0, Ethyl 
alcohol ( ,05 ) 
10 3 ; 20°C 


0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 


2.25 

5.40 

8.60 

11.7 

14.5 

17.0 

19.1 
20.9 

22.6 

24.2 

25.8 


B = Oleates, see 
Table 9 


CS 2 

Carbon disulfide 
B = S, Sulfur ( 54 ) 
Wt. % B I t 


4 X 10®; 19°C 

0.0 

2.6? 

5.0 

2.44 

10.0 

2.22 

20.0 

2.10 

25.0 

2.10 


B = CHClj, 
Chloroform ( 13 9) 
Audio; 18°C 


= C4H10O, Ethyl 
ether ( 42 ) 
Audio; 19.0°C 


0.0 

20.0 

40.0 

80.0 

100.0 


2.26 

2.98 

3.53 

4.25 

4.55 


20.0 

30.0 

40.0 

60.0 

80.0 


2.95* 

3.17 

3.38 

3.78 

4.23 



B = CcHeCl, 
Chlorobenzene ( 16 ) 
Vol. % A| t 
Audio; 15°C 
20 2.91 

30 3.35 

50 3.95 

80 5.02 


Audio; 19°C ( 42 ) 

20.0 2.70 

40.0 3.28 

80.0 4.47 


B - C^r*. 
Ethylene bro- 
mide ( 42 ) 
Audio; 22.4°C 

40.0 3.02 

60.0 3.37 

70.0 3.68 

90.0 4.36 


B — C<H| 0 O, Ethyl 
ether ( ,16 ) 
Audio; 20°C 
0.0 2.65* 

40.0 3.33 

80.0 4 00 

1000 4 39 

B = C 6 H3r, 

Bromobenzene ( 42 ) 
Audio; 20°C 


20.0 

3.03 

40.0 

3.72 

60.0 

4 42 

80.0 

5.12 

100 0 

5.82 

B = 

CeH,, 

Benzene ( 77 ) 

10 6 ; 

20°C 

40.0 

2.384 

60.0 

2.32i 

80.0 

2.30s 

Wt. % B 

d t 

(10 

t 40) 

40.0 

- 0.16 

60 0 

- 0.17 

80.0 

- 0.19 

• 

B = 

c 7 h 8 , 

Toluene ( 42 ) 

Wt. % B 

1 t 

Audio; 

20.0°C 

20.0 

2.60 

50.0 

2.52 

70.0 

2.44 

90.0 

2.35 

B = 1 

C 7 Hi6, 

Heptane ( 42 ) 

Audio; 

22.5°C 

0.0 

2.74 

10.0 

2.50 

30.0 

2.21 

40.0 

2.20s 

50.0 

2.20a I 

60.0 

2.15 

B = ( 

-sHio, 

m-Xylene (>«) 

Vol. % B| 

e 

Audio ; 

; 15°C 

0.0 

2.61 

40.0 

2.52 

60.0 

2.47 

80.0 

2.43 

100.0 

2.37 
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CS 2 . — (Coni' d) 

B = Oleates; see 
Table 9 

CHCI 3 

Chloroform 

B — CjH^Brj, 

Ethylene bro- 
mide ( 42 ) 

Wt. % B | « 

Audio; 22.4°C 


20.0 

40.0 

60.0 

70.0 
90 0 


4 89 
4.88 
4.87 
4.86 
4.84 


B = CiHjO, Ethyl 
alcohol ( 42 » 77 ) 
Audio; 20°C 


20.0 

40.0 
60 0 
80 0 

Wt. % B 

20.0 

40.0 

60.0 

80.0 


4.33 

3.74 

3.15 

2.64 

djo 

1.35 

0.95 

0.65 

0.37 


B = C4H10O, Ethyl 
ether ( 35 » ,39 » 168 ) 

Wt. % B I < 
Audio; 20°C 


0.0 

4.36 

20.0 

5.85 

40.0 

5.83 

60 0 

5.36 

80 0 

4.81 

100 0 

4.44 

B = 

CbHio, 


Amylene ( 42 ) 
Audio; 21.2°C 


10.0 

20.0 

40.0 

60.0 
80.0 


4.44 

3.92 

3.08 

2.61 

2.28 


5 = C*Hi2, Pen- 
tane ( 42 ) 
Audio; 21.7°C 

10.0 4.39 

200 3.77 

40.0 2.89 

600 239 

80.0 2.10 


B = C«Hg, Ben- 
zene ( 42 ) 
Audio; 19°C 

20.0 3 97 

30.0 360 

50.0 3.22 

70.0 2 83 

00.0 2.29 


B = C 7H 1 6| 
Heptane ( 42 ) 
Wt. % B| € 
Audio; 20.2°C 


0.0 

20.0 

40.0 

60.0 

80 0 

5.10 

3.87 

3 03 
2.47 
2.18 

B = C 7 Hi 6 0, Ethyl 

amyl ether ( 42 ) 

Audio; 

23.3°C 

0.0 

4.97 

10.0 

5.29 

30.0 

5.34 

50.0 

5 03 

80.0 

3 90 

100.0 

3.56 


B = Oleates; 
see Table 9 


CH4N2O 

Urea 

B = CH4O, Methyl 
alcohol (I 74 ) 

M % A | € 

4 X 10’; 22.1°C 

10.4 | 44 ± 1 


B = CiHgO, Ethyl 
alcohol ( ,74 ) 

4 X 10 s ; 22.0°C 

4.0 |25 .0 ±0.5 


' CH 4 0 

Methyl alcohol 
B = CjHrNO,, 
Urethane ( ,74 ) 

M % B | € 

4 X 10 s ; 21.6°C 
55 5 |18 0 ± 0 .5* 


B = C«H«, Ben- 
zene ( ,39 ) 

Wt. % B | « 

Audio; 16°C 

95.0 2.90* 

96 0 2.80 

97.0 2.66 

99.0 2.37 


B = C7EU, 
Toluene ( ,39 ) 
Audio; 16°C 

96.0 2.87* 

97.0 2.75 

98.0 2 62 

99.0 2.49 


B = C,H 9 NO, 
Acetanilide ( ,74 ) 
M % B | < 

4 X 10 s ; 22.2°C 

10.5 |37 0 ±1.0 


B = CioHs, 
Naphthalene ( ,74 ) 

4 X 10 s ; 22.1°C 
1.8 130.0 ±1.0 


C2H3CI3O2 

Chloral hydrate 
B = C : HeO, Ethyl 
alcohol ( 174 ) 

M % A | < 

4 X 10 s ; 21.5°C 

51.3 |13 0 ±0 .2 


B = C 7 H„ 
Toluene ( ,74 ) 

4 X 10 s ; 21.9°C 

13.1 1 3 .0 ±0 .2 

C 2 H4Br 2 

Ethylene bromide 
B = C4H10O, Ethyl 
ether ( 42 ) 

Wt. % B | € 

Audio; 22.0°C 


20 

4.94 

40 

4.79 

60 

4.64 

80 

4.50 

B = 

C J3|<>, 


Amylene ( 42 ) 
Audio; 21.4°C 
20 3.35 

40 2.60 

60 2.33 

80 2.17 

100 2.07 


B = C«H«, 
Benzene ( 42 ) 
Audio; 23.1°C 



C 2 H,NO 

Acetamide 
B = C 2 H«0, Ethyl 
alcohol ( ,74 ) 

M % A | « 

4 X 10 s ; 22.0°C 

35.6 |45 .0 ±1.0 


c 2 h 6 o 

Ethyl alcohol 
B = C,H 7 NO„ 
UrethanG ( l74 ) 
M % B | < 

4 X 10 s ; 21.6°C 
52 0 | 1 6 ± 0 . 5 


B = C<H 6 NO a , 
Succinimide ( ,74 ) 

4 X 10 s ; 21.8°C 

2.3 |23.0±0.5 


B — CiHioO) Ethyl 
ether ( ,05 ) 

Wt. %B| « 

10 a ; 20°C 
0 25.8 

10 23.2 

20 20.6 

30 18.0 

40 15.5 

50 13.10 

60 10.90 

70 8.90 

80 7.20 

90 5.70 

100 4.35 


B *= C*H6, 


B *= CjH».- 

( Continued) 

Wt. % B € 

60.0 8.49 

80.0 3.59 

100.0 2.2s 

Wt. % B d i0 

0.0 -12.36 

20.0 - 8.80 

40.0 - 3.41 

80.0 - 1.08 

100.0 - 0,23 

B = CtHs, 

Toluene ( 5 ) 
Wt. %B| « 


20.0 

40.0 

80.0 
100.0 


C4II10O 

Ethyl ether 
B = C*H„, 
Pentane ( 42 ) 
Wt. %B| € 

Audio; 20.7°C 
20 3.8: 

40 3.01 

60 2.51 

80 2.i: 

100 1 . 8 * 


B = C*H«, 
Benzene (*■*•) 
Audio; 18°C 


Benzene ( ,05 ) 

5 X 10 s ; 17°C 

0.0 

4.27s 

Audio; 20°C 

20.0 

16.9 

- 20 

3.86 

0.0 1 25.80 

40 0 

13.1 

40 

3.45 

• 

10.0 

23.20 

60.0 

9.4s 

60 

3.05 

20.0 

20.60 

80.0 

3.97 

80 

2.67 

• 


30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

90.0 

100 0 


18.00 

15.50 

13.10 

10.80 

8.60 

6.50 

4.30 

2.28 


B * CgH(O), 
Resorcinol ( ,74 ) 

M % B | < 

4 X 10 s ; 22.0°C 

40.3 1 1 1 5±0.5 


B = C 7 Hh, 

Toluene ( ,39 ) 
Wt. % B I « 
Audio; 16°C 
96 0 2 67* 

97.0 2.59 

98 0 2.51 


B = C 7 H 9 N, 
p-Toluidine ( 174 ) 
M % B | < 

4 X 10 s ; 21.7°C 
50.0 |10 0 ±0.5 


c 3 h 7 no 2 

Urethane 
B * C,H*0, 
Propyl alcohol ( l74 ) 
M % A | « 

4 X 10 s ; 20.9°C 
52.5 |l5.5 ±0.5 


B “ C;Hj, 
Toluene ( ,74 ) 

4 X 10 s ; 2l.7°C 
19 2 I 3.0 ±0:2 


CjHgO 
Propyl alcohol 
B = CftHg, 
Benzene ( 139 ) 
Wt. % B | e 
Audio; 16°C 


Audios 17.8°C («) 
20 4.12 

40 3.66 

60 3.20 

80 2.73 


B = CioH 7 Br, ot- 

Bromonaphthalene 

( 41 ) 


Audio; 

; 19.6°C 

30.0 

4.60 

50.0 

4.87 

• 

70.0 

5.03 • 

80.0 

5.04 

90.0 

4.98 

100.0 

4.91a 


30.0 

13.76* 

50 0 

9.82 

70.0 

5.975 

80.0 

4.05 


B - ChH 9 NO, 
Acetanilide ( ,74 ) 

4 X 10 s ; 21.8°C 
9.4 |29.0±0 5 


B =* CioHg, 

Naphthalene ( ,74 ) 
4 X 10 s ; 21.5°C 

3.3 1 22 .0 ±0 .5 


c 3 h«o 

Acetone 
B = CeH«| 

Benzene ( 49 ) 
Wt. % B | 

4 X 10 s ; 20°C 
0.0 20.5* 

20.0 16.8 



c 4 h 10 o 

Isobutyl alcohol 

B = C.B10, 

m-Xylene (**) 

Wt. % B\ • 

13.25°C 

40.0 10. »* 

50.0 8.8a 

80.0 3.40 


CJHsN 

Pyridine: tee Table 9 


c 4 h,o 3 

Ethyl acetate 
B = C«H«, 
Benzene (* ,6 ) 

M % B | « 

Audio; 20°C 
00 6.23s* 

20.0 5.54 

50.0 3.22 

80.0 2 90 

100.0 2.27s 


CsHuCl 
Amyl chloride 
B 33 CiHio» 
m-Xy\enc ( 9I ) 

Wt. % B | •« 

16.4°0 

40.0 4.5s* 

60.0 3.8 

80.0 3.1 
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C5H12O 
Amyl alcohol 
B = CcH*, 
Benzene ( 139 ) 

Wt. % B | « 

Audio; 16°C 


76.0 

3.31* 

80.0 

3.04 

88.0 

2.65 

92 0 

2 .M 

96 0 

2.41 


B * C„Hio, 
m-Xylene ( 9| ) 
14°C 


30 0 

10.7* 

40 0 

6.7s 

70 0 

4.05 

80.0 

3.20 


CeH iBl 

Bromobenzene 
B = CeHo, 
Benzene ( 42 ) 
Wt. % B | 

Audio; 22.35°C 


2 CT .0 

4 53 

40.0 

3.75 

60.0 

3.12 

80.0 

! .2.62 


CbH.CI 

Chlorobenzene 

B = C;H !6> 

Heptane ( 42 ) 
Wt. %B| € 

Audio; 22.4°C 


20.0 

4.65 

40 0 

3.73 

60.0 1 

3.20 

80.0 

2.41 

100.0 

1.97 


B = C;H lfl O, Ethyl 
amyl ether ( 42 ) 
Audio; 22.35°C 


20 0 

5.33 

40.0 

4.88 

60.0 

4.42 

80.0 

3.98 

100.0 

3.55 


B = C b H 10 , 

^-Xylene ( 42 ) 
Wt. % A | e 

Audio, 20.2°C 

10.0 
30 0 

50.0 
80 0 


B = CsHio — 
{Continued) 


VoL % A 

€ 

Audio; 15°C (»«) 

0.0 

2.37 

20 0 

3 10 

60.0 

4.53 

100 0 

5.98 


CeHsNOa 

Nitrobenzene 
B = CcH„ 
Benzene ( ,39 ) 

Wt. %B| < 

Audio; 16°C 


0.0 

37 93* 

20.0 

24 . lo 

40.0 

16. 7o 

60 0 

9.55 

80.0 

5.5o 

100.0 

2 . 29i 


B = CsHiiN, 
Capronitrile (") 
4 X 10 s ; 23°C 


50.0 

! 19.6 

60.0 

I 8.1 

70.0 

17.i 

B = 

CtHs, 

Toluene ( l39 ) 

Audio; 16°C 

0.0 

37.92* 

20.0 

25.7 

40.0 

17.2 

80.0 

5.7 

100.0 

2.39 


B = Oleates; see 
Table 9 

CeHe 

Benzene 
B = CrHcO, 


Wt. % B ; 

€ 

Audio; 20°C 

5.0 

2 33 

15.0 

2.88 

25.0 

3.63 




B = C;H . 

Toluene (77) 
10 6 ; 20°C 

20.0 

40.0 

60.0 

80.0 

Wt. % B 


2.27? 

2.287 

2.296 

2.324 

d« 


(10 ^ 75) 


2.60 

20 0 

- 0.14 

3.20 

40 0 

- 0.14 

3.78 

60.0 

- 0 125 

4.68 

80.0 

- 0.12 


B = C 7 HhO, 
o-C resol ( 14 °) 
Wt. % B | * 

Audio; 20°C 


5.0 

10.0 

15.0 

25.0 


2.83 

2.57 

2.73 

3.04 


B = C 7 H 8 0, 

m-Cresol ( 14 °) 

Audio; 20°C 


5.0 
15.0 
20 0 


2.44 

2.87 

3.12 


B = C;H*0, 
p-Cresol ( l4 °) 


Audio; 20°C 

5.0 

2.44 

10.0 

2.67 

20.0 

3.16 

25.0 

3.40 


B = CjHuOj Phenyl 
methyl ether ( ,4 °) 


Audio; 20°C 

5.0 

2 39 

15.0 

2 57 

25.0 j 

2.64 


B = C s HioO, 
'T-Tolyl methyl 
ether ( 14 °) 


Audio'; 20°C 

5.0 

2.35s 

15 0 

2.48 

25.0 

2.59 


B = C 8 H l0 O, 
m-Tolvl methyl 
ether (* 40 ) 


Audio; 20°C 

5.0 

2.37 

15.0 

2.53 

25.0 

2.68 


B = C b HioO, 
p-Tolyl methyl 
ether (* 40 ) 
Audio; 20°C 


5.0 

15.0 

25.0 


2.36s 

2.51 

2.66s 


B — CioHh. 0, 
Camphor (54) 
4 X 10 8 ; 24.0°C 
0.00 2.27 

5.00 2.53 

10 0 2 94 

15.0 3.54 

20.0 4.6o 

25 0 6 .O 2 


B « C 

'ioHjoO, 

Menthol ( 54 ) 

Wt. % B| , 

4 X 10 8 ; 23°C 

0.00 

2.2e 

5.00 

2.59 

15.0 

3.54 

25.0 

4.5s 

B = Oleates; see 

Table 9 

B = Castor Oil 

(1S5) 

Audio; 20°C 

10.0 

2 55* 

20.0 

2 76 

30.0 

2.85 

40.0 

3.09 

50.0 

3.44 

60.0 

3 62 

70.0 

4.06 

80.0 

4.22 

90.0 

4.59 

Wt. % B 

djo 

30.0 

- 0.09 

40 

- 0.20 

50 

- 0 33 

60 

- 0.45 

70 

- 0.58 

80 

- 0.70 

90 

- 0.93 

CeHeO 

Phenol 

B = C„H 10 , 

m-Xylene ( 14 °) 

Wt. % A 

e 

Audio; 20°C 

5.0 

2.57 

15.0 

2.87 

25.0 

3.16 

c 6 h 7 n 

Aniline 

B = CbHio, 

m-Xylene ( 10 °) 

Wt. % B 

e 

4 X 10 8 ; 18°C 

0.0 

6.50* 

20.0 

5.63 

60.0 

3.93 

80.0 

3 . 19 

100.0 

2.44 


C 6 H u N 

Capronitrile; see 
Table 9 

C 7 H 8 

Toluene 
B = C 7 H 16 , 
Heptane ( 4 2 ) 
Wt. %B| 

Audio; 21. 1°C 

20.0 


40.0 


2.285 

2.21s 


B = C 7 H 1 
{Continued) 
Wt. % B 

60.0 2.146 

80.0 2.07s 


B = C.H.oO^ 

Ethyl benzoate 
(116) 


M % B 

t 

Audio; 20°C 

0.0 

2.38? 

40 0 

3.35 

60.0 

3.84 

80.0 

4 33 

100.0 

4.91s 

B = 

Ck,H 8 , 

Naphthalene ( 174 ) 

4 X 10 8 ; 22.6°C 

22.5 

2.8 ±0.2 

B — CioHu, 

Turpentine ( 116 ) 

Audio; 20°C 

0.0 

2.39* 

20 0 

2.23 

60.0 

2.22 

80.0 

2 20 

100.0 

2.19 


B — C 12 H 10 , 
Acenaphthene ( I74 ) 
4 X 10 8 ; 22.0°C 
15.4 I 2.8 ±0,2 

B — CnHio, 

Phenanthrene ( 174 ) 
-4 X 10 8 ; 21.7°C 

21.0 | 2.3 ±0,2 

B = Petroleum 
( 17 °) 

Wt. %B| t 
Audio; 11°C 


0.0 

2.70* 

20.0 

2.55 

40.0 

2.47 

60.0 

2 37 

80.0 

2.21 

100.0 

2.08 

Audio; 2l°C 

0.0 

2.55* 

20.0 

2.44 

40.0 

2.34 

60.0 

2.27 

80.0 

2.15 

100 0 

2 04 

= Castor oU (i7o; 

Audio; 20°C 

0.0 

2.56 

20.0 

2.94 

40.0 

3.38 

60.0 

3.71 

80.0 

4.21 

[00.0 

4.61 


C 7 H*0 

Phenyl methyl ether 

B - C,H| 0 , 

m-Xylene ( 14 °) 
Wt. % B | 


Audio; 20' C 

75.0 

2 79 

85.0 

2.63 

95.0 

2 47 


c 7 h 16 

Heptane 
B = CioHjBr, 
a-Brornonaph- 
thalene ( 42 ) 
Wt. % B | € 

Audio; 20.8°C 


40 

50 

70 

80 


2 63 
2.84 
3.42 
3.87 


Petroleum 

B = Cn>Hi6, 
Turpentine (6) 


Wt. % B ! 
Audio; 


0 

20 

40 

60 

80 

100 

Wt. % B 
0 
20 
40 
60 
80 
100 


I 


t 

20°C 
2.03 
2.08 
2.11 
2.16 
2 20 
2 27 

O20 

0.20 

0.31 

0.60 

0.80 

0.91 

0.96 


B = Castor oil (6) 
Wt. %B| * 

Audio; 20°C 


0 

20 

40 

60 

80 

100 

Wt. % B 
0 
20 
40 
60 
80 
100 


2.03 
2.60 
2.93 
3.40 
3 93 
4.46 

^20 

0.20 

0.20 

0.80 

2.86 

3.01 

3.77 


Cottonseed oil 

See Table 9 

Kerosene 

See Table 9 
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Table 9. Dielectric Constant («) op Solutions of the 

Oleates 6t the Heavy Metals 

Solvents: (1) CC1 4 , Carbon tetrachloride; (2) CS s , Carbon 
disulfide; (3) CHC1,, Chloroform; (4) C 4 H 6 N 4 Pyridine; (5) 
C fl H 6 NOj, Nitrobenzene; (6) C # H*, Benzene; (7) CjH u CN, 
Capronitrile; (8) Cottonseed oil; (9) Kerosene. All values of « 
have been recalculated to accord with the values given in Table 1. 
v “ 4 X 10®; C = concentration of the oleate of the metal named 
in first column. Unit of C = 1% by weight; of « = 1 cgse; t = 
centigrade temperature, °C. 

| (1) CC1 4 (") 


(2) CS, (99) H(3) CHC1, (<2) 



C 

t 

e 

c 

t 

e 

- 

C 

t 

— ^ w 

€ 

A1 

60 

17.0 

2.17 

50.0 

19. 0 1 

2.42 

50.0 

24.0 

3.38 

Cd 




2.0 

22.0 

2.92 

2.0 

19.0 

4.34 

Co 

8 

17.0 

2.17 

4.0 

24.0 

2.6? 

10.0 

20.0 

4.24 

Cr 


rcxy 

2.2o 







Cu 



2.17 

15.0 

24.0 

2.54 

15.0 

19.0 

4.39 

Fe 


20.0 

2.17 

5.0 

24.0 

2.72 

8.0 

20.0 

4.34 

Mg 

8 

19.0 

2.0? 







Mn 

6 

19.0 

2.02 

2.0 

19.0 

2.72 

15.0 

20.0 

4.34 

Ni 

16 

19.0 

2.2e 

15.0 

24.0 

2.57 

15.0 

19.0 

4.6e 

Zn 

15 

19.0 

2.2a 




15.0 

20.0 

4.39 


(4) C k H*N (96) 

(5) 

c 4 h ( 

(99) 

iNOj 

(6) C 4 H 6 

(99) 

A1 

60 

25.5 

7 .3el 

50 

22.0 

13.i 

50 

17.0 

2.62 

Cd 

8 

25.0 





5 

19.5 

2.23 

Co 

10 

24.0 

11.9 




25 

20.0 

2.37 

Cu 

20 

24.0 


10 

21.0 

24.5 

20 

19.5 

2.07 

Fe 

10 

24.0 

12.o 




10 

20.0 

2.07 

Mg 

15 

25.0 

11.7 




20 

20.0 

2.27 

Mn 

15 

25.5 

9.88 




10 

20.0 

2.17 

Ni 

26 

24.0 


10 

22.0 

25.9 

20 

19.5 

2.37 

Zn 

25 

24.0 





25 

20.0 

2.02 


(7) 

C*H 

uCN 1 

(8) Cotton- 

(9) 

Kerosene 



( 99 ) | 

seed oil 

( 99 ) 


( 99 ) 


A1 

30 

m 

18.0 

10.9 


20.0 

2.3o 

50 

20.01 

1.26 

Cu 

10 

18.0 

13.4 


20.0 

2.4o 

5 


1.5i 

Fe 

5 

18.0 

13.8 







Mg 

5 

18.0 

13.6 

5 

20.0 

2.66 

5 


1 . 2i 

Mn 





20.0 

2.67 

5 

19.5 

1 .4i 

Ni 

10 

18.0 

13.3 




5 


1.26 

Zn 

10 

18.0 

12.8 

15 

20.0 

2.5? 

8 

20.0 

1 2i 


Table 10. — Dielectric Constant («) of Solutions at Tempera 

tubes below — 100°C 

Aqueous Solutions 

Concentration ( = weight % of solute) is stated in center of column 

Centigrade temperatures 


B - H,S0 4 («*) 


-< 1 

t 

10% 

B 

140 

8.1 

150 

5.3 


4.1 


4.1 


B - NH 4 OH («?) 
34.94% B 


140 

36.o 

150 

10.7 

160 

5.1 

170 

4.5 


B = PbO + xKOH 

( 39 ) 

B = Pb(WO t ),(3>) 
B = CuS0 4 (67) 

-i I * 

10% B 


110 

46.7 

120 

21.8 

130 

12.5 

140 

7.8 

160 

3.8 

170 

3.2 

180 

2.8 


B =( NH 4 )jMo0 4 

( 39 ) 


-l 

€ 

10% B 




91.6 




B = Cd*B f W t O*i 

(* 9 ) 
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B * RbOH (3») 

B=RbOH. — 

B *= CsOH (*•) 

-t I 

(Coni’d) 

— < 1 « 

5% B 


< 

2.85% B 

130 20® 

170 

19a 

140 3.3a 

150 . 204 

180 

176 

170 2.8o 

160 20i 

184 

139 

190 2.76 


188 

80.0 



Alcoholic Solution; Solvent ^CzHeO; B = KOH («*) 


5% 

-1 = 

170 

175 

180 

185 

B 

€ = 

4.0o 

3.13 

2.82 

2.7o 


190 

2.62 


Table 11.— Dielectric Constant («) or Colloidal 

Suspensions in Water 

Frequency of emf = v * A X 10* cycle /sec; concentration =* 
C, unit of C * 1 gram per 100 kg of mixture = 1 g per 10 a g; 
centigrade temperature. For Au, S, Al,0, f Bi,O a , CuO, CuCO,, 
Fe»Oi, PbO, r. (3»). 

___ v»o> (»») 

A I n 1 « I A | n 1 < 1 t | * 

C - 0.75; 19°C C - 8; 20.0°C (»*) 49; 6 .82; 

2 5 3 131 5.45 4 720 n = 5 (56) 

5 0 3 131 6.7 4 610 20.0 127.7 

6.0 3 130 8.57 4 450 30.0 85.9 

7-5 3 126 1.2 5 304 45.0 81.3 

1.5 4 113 3 R is* 


5.45 

6.7 

8.57 

1.2 

3 


8; 20.0°C (57) 
4 720 

4 610 

4 450 

5 304 

5 155 


’ » 49; A = 6.82; 
n = 5 (56) 

20.0 127.7 

30.0 85.9 

45.0 81.3 


1.5 
1.875 

2.5 

3.0 

5.0 

1.5 

C - 

2.5 
3.75 
5.0 

7.6 
1.5 


3; 19°C 
3 335 

3 350 

3 355 

3 350 

3 340 

4 257 

6; 19°C 
3 527 

3 569 

3 550 

3 505 

4 410 


C - 32; 20°C («7) 
3 5 225 

3.75 5 180 

6.0 '5 125 

1 6 94 


3.0 
3.75 

6.0 
1 


120; 20.0°C 

(57) 

5 390 

5 306 

5 187 

6 125 


n 

20.0 

40.0 

50.0 

60.0 
70 0 


32; A = 6.00; 

i - 5 (57) 

0 146 

0 115 

0 95.5 

0 78.0 

0 75.0 


— 120; A - 6.0; 
n = 5 (57) 

30 0 172 

40.0 126 

50.0 102 

60.0 78.4 


Table 12. — Dielectric Constant 

Materials 


(«) or Miscellaneous 


Basalt* 12 

“ orite * 8 to 9 

? ran,te * 7 to 9 

Loam (dry) f 35 

Melaphyre* 13 

Band (dry) f 2 5 

Sand (15% H,0)f ca / 9 

Sandstone* 9 to 11 

Sidot blende* 11 

In dark ~ 

Illuminated u 4 

SoU (dry) # t 1 

S°j! (19% H^»tt «, g 


Lit. 

0 *®) 

(120) 

( 120 ) 

( 200 ) 

( 120 ) 

( 200 ) 

( 200 ) 

( 120 ) 


s° u ( dr y)St j'q (200) 

! ca. 8 Ui 

♦ S?** 1 dedccator tor 10 hr. 

1 1 * 1 *“°°* mad * at rftdio frequency. 

C “ ( <0 01 % Cu) * Ft>r varUtion of « with 

~ Molthw 1 i ‘‘ um, “ tion ' «• <”>■■ fluency of cmf, 

end With ’■ Pivnk - 4: 1821 *: 2S4; ‘921; with temper.ture 

- Wilde ' /■ U: 350; 1023. 


01 % Cu). For variation of « with 


Table 13. — Variation of Dielectric Constant (*) with 
Pressure: Pure Organic Liquids and Solid C»H« 

«„ - «o(l +apX 10’« + bp 2 X 10-8) if l < p < pm] tp * 
«o(l 4- O.OlAp) where p has the value given in the table. e 0 * 
value of e at 20°C and 1 atmosphere, « p is its value at 20 °C and a 
pressure of p -j- 1 atm. For values of « 0 , see Table 4. Unit of p, 
Pm « 1 normal atmosphere. 


ca 


Carbon tetrachloride 


CHC1* Chloroform 


CH«0 

CiHeO 

C»H«0 

CiHioO 

CtHnO 


Methyl alcohol 200 2 . 0a 

Ethyl alcohol, 99.8 % 200 2. 0i 

Acetone 200 2.9b 

Ether 


P [ Ap I a [ b p* Lit. 

0.72 - 4 60; < 7 »-i) 

1000.67 (•».!; 

300 1.93 ( «a- 1 > 

5003.04 («M) 

800 4.47 0.68 - 1 5 800 (««••> 

1.00-5 | 58j ( 7 *-i) 

5004.95 1.12o- 2.6 500; (*»•) 

200 2.0s («4) 

200 2.0i (44) 

200 2.9b («4) 

2.374 -19 60 (**•!] 


CtHitO Amyl alcohol 100 0.42 

300 1 . 27 

C«H»Br Bromobenzene 0.62o 0 60| ( 7S *») 

CeH.NO* Nitrobenzene 0 . 64 o 0 56 (? 5 .i) 

C‘He Benzene 100 0. 59« 0. 64s - 5.0 120 (»«•) 

1000.52a (M.i) 

300 1.48 (•*•*> 

500 2.38 («*.i) 

500 2.6s 0.62s- 1.7s 500 (»5«> 

7003.08 0.55 - 1.4 700 (••-*) 

(aolidw 11°C) >300 0.34 0 850 (••-!) 

CeHzN Aniline 100 0.45 (» 4 S> 

300 1.3a (i 

C#Hu Hexane 100 0. 80« 0 . 89o - 8.38 120 (»«•) 

100 0.77 

300 2.17 (•••*) 

500 3.37 («*.i) 

800 4.80 0.79 - 2.4 800 (««•») 

C 7 H 7 NO, o-Nitrotoluene 0.66? 0 60 (™.») 

C 7 H 1 Toluene 0.60« - 2 60 C 7 *’ 1 ) 

5002.81 0.614 - 1.0s 500 (**«) 
CrH,« Heptane 100 0.72 (♦«.!) 

300 2.01 (4i.i) 

500 3.09 

8004.30 0.74 - 2.5 800 («••») 
Ci-Hio wi- Xylene 500 2.6a 0.65i— 2.3« 500 (t*«) 

Table 14. — Effect of Magnetic Field ( H ) upon the 

Dielectric Constant («) (»«) 

In general, e is independent of H- but for certain liquid crystals, 
changes have been observed. The available data are given in thii 
table. || [J.] denotes that the direction of H is parallel [perpen- 
dicular) to the direction of the electrical field used to determine 
«; to - value of « when H = 0. , a = e „(l + 0.01A). Unit of 
H = 1 kilogauss = 1000 cgsm un it; of . = 1 cgse unit. 

Substance III H I -An I 


2.374 -19 60' ( 7 *'i> 

5009.39 2.26o — 7.62 500 ( 13 «) 


(145) 

(145) 

60 ( 7 *-») 
56 (^s.i v 


c«h 7 n 


CeH 


Hexane 


o-Nitrotoluene 
Toluene 


C7H7NO, 

C7H| 

C7H.4 


CiH 


5.0 120 (»••> 
(««•»> 
(•*•*> 

(••-*> 
1.7s 500 <n«) 

1.4 700 (•••!) 

0 850 (•«•!) 

( 145 ) 

( 145 ) 

8.3t 120 (»«4) 
(••-*) 

(••*») 

( 48 . 1 ) 

2.4 800 («••!) 

0 60 ( 7 *-») 
2 60 C 7 »-») 

l.Oa 500 (**•) 

( 54 . 1 ) 

(••-») 

(•«.!) 

2.5 800 (««•>) 


«; «o 

H = 


f = 1 kilogauss = 1000 cgsm unit; of e ■ 

Substance | T~ 

Liquid air 

CHClj Chloroform 20° 

(C 2 H 6 )aO Ethyl ether 20° 

CJLNOj Nitrobenzene 20^ 

CcHfl Benzene 20° 

C<H ft NHa Aniline 20° 

CuHuNaO,, p-AzoxyanisoIe 
(liquid crystal) e 0 = 6.9 


H A eo 

110 < 0.1 1.47 

25.0 <0.03 5.14 

25.0 <0'.O3 4.36 

25.0 <0.016 35.6 
25.0 <0.06 2.28 


25.0 <0.06 
25.0 <0.02 


7.13 


0.30 

0.50 

1.00 

2.00 

4.00 

7.35 



CuHigNjOj, p-Azoxvphenetole 
(liquid crystal) e c = 6.8 


122 ° 

1.4 

2.o 

2.2 

2.7 

2.8 
2.8 


0.15 
0 30 
0.50 
1.00 
2.00 
4.00 
7.35 



-A,, 


143° 

0.4 

l.i 

3.0 
4 . 8 

5.0 
5.4 
5.7 


-A X 


143° 


0 0 
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Table 15. — Effect of Electric Field (E) upon the 

Dielectric Constant (c) ( 84 » ,44 ) 

Data bearing upon this effect are discordant and of doubtful 
value 

'*• ” ‘KS)*-*,' “ d " “ 


Unit of r = 1 cycle /sec; of E 
unit. Centigrade temperature. 


1 cgse unit; of «*„ « 0 = 1 cgse 


<o = 3 .08e 

(C,H*)iO, Ether 20 


1 t 

V 

E x 

19° 

3000 

20 


3000 

30 


10 # 

160 

20° 

10« 

100 


«o — *b x | Lit. 

0.018 0 44 ) 
0.047 (* 44 ) 

<1 X 10"* ( 84 ) 

7 X 10-* ( 84 ) 


• Solution of n-arayl alcohol (CiHnOH) in bensene (C«Hi); concentration — 
20 voL % of CiHiiOH. 

Table 16. — Dielectric Strength (S) or Pure Organic 

SUB8TANCE8 

The dielectric strength (S) of a substance is defined aa the 
minimum value of the electrical field intensity, in the substance, 
which will cause a disruptive electric discharge. 

Whether it can be regarded as a constant, characteristic of the 
substance, is doubtful; it appears to vary wiih the nature of the 
electrodes, and with the sparking distance. If the distance is very 
short as compared with the radii of curvature of the faces of the 
electrodes, the field is essentially uniform and S = V,/l t where V , 
is sparking potential corresponding to the distance l. For greater 
distances, the field is not uniform and S is the maximum value of 
the field intensity. The available data are given in this table; 
probably all are uncertain by at least ±5%. Unit of l = 1 mm = 
0.1 cm; of V, = 1 volt; of S * 10* volt/cm. 


Formula | Substance 
C*Hu I Pentane 


C$H 


Hexane 


CiH, 


Heptane A* 


COL. 


Octane A 


C«H« Benzene B* 

C»H«(CHi)i o-Xylene B* 


0.001 
0.002 
0 003 
0 001 
0 002 
0 0025 
0.001 
0.002 
0.003 
0.001 
0.002 
0.003 
0.5 
0.3 
0.4 
0.5 
0.6 
0.2 
0.3 
0.4 
0.5 


CtHiNHt Aniline 5%, in ben- 
zene B* 

• A — Electrode* of iridio-platinum; one 
B — Electrode* are bra** sphere*, diameter — 
sphere*, diameter — 0.2 cm. 


V. S 1 Lit. 

1101. 10 0 8 ®) 

2201.10 (* 8 ®) 

33q k l.lo (>«®) 
620.62 0 8 ®) 

195 0.9s 0 4 ®) 

316 1.2a (i«») 

1001.00 (i«®) 

1860.9a O 8 ®) 

3001.00 (1«®) 
960.98 (i«®) 

190 0.9s (1«») 

285 0.9s (»«®) 
32 500 0.6s (<) 

24 0000. 8o ( 4 ) 
28 100 0. 7o ( 4 ) 
32 0000.64 («) 
36 IOOO.60 ( 4 ) 
22 200 l.li (4) 
28 500 l.Os ( 4 ) 
34 800 l.Oi (4) 

41 000 0.9? (4) 


|0,45 |29 000|0 .641 (4) 

flat, one spherical, radius great. 
2 cm. C “ Electrodes are brass 
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HIGH VOLTAGE CORONA 

J. B, Whitehead 


Introduction. With alternating voltage the corona first appears 
at the crest of the voltage wave. For oscillographic study of 
effect of corona on current wave, v. (2). The formation of corona 
in a closed cylindrical tube is followed by a rise in pressure; Kunz 
( l3 )> Warner ( 34 ), and Fazel ( 8 ) ascribe this to generation of new 
ions; Arnold (> ) and Tyndall ( S3 ) ascribe it to a rise in temperature. 
Corona phenomenon finds a practical application in the corona 
voltmeter ( 43 ) for measuring high voltages; the corona rod and 
coaxial cylinder are enclosed in an airtight casing in which the 
pressure may be varied so as to extend the range; corona formation 

is indicated by ionization current or by sound in telephone; 
accuracy is 0.5%. 

Symbol*. — - maximum electric field (potential gradient) 
at surface of conductor when corona first appears; k - empirical 
constant; p ** pressure, r ■» radius of conductor, a distance 
between centers of adjacent conductors, t =» ’temperature (°C), 
V*[VmA * effective [maximum] potential of conductor above 
neutral when corona first appears, V, = effective potential of 
conductor above neutral, Wi c = power loss due to corona, 6 = 
ratio of density of air to its value at 25°C and 1 atmosphere (if 
unit of p =1 cm of Hg, 3 - 3.92p/(273 + 0), * = frequency. 

General Relation*.— For round wires in air = A3 + 

B\/37r; A and B depend somewhat upon frequency ( v . Tables 1, 

2). For He, H, O, and N, Lee and Kurrelmeyer find E me = 

Ap + By p if 4 cm Hg <. p £ 30 cm Hg; A and B depend upon 
the gas (13.1). 


For transmission lines and cables (23), y me = kbE^r log .(a/r); 
for smooth wires, k = 1 ; for weathered wires, k = 0.98 to 0.93; for 
7-strand cables, k = 0.87 to 0.83. For power loss Peek ( 16 t 17* 
20 ) proposes the empirical relation: Wi = 24 1/3 (p -f 25)\/r7« X 
~ V"*)* X 10”* watt per meter, where unit of v = 1 cycle /sec, 
0 * i kilovolt. This relation does not accord with 

observations if (V. - V me ) is small. For greater values, up, to 
^80 kilovolt, it accords closely with Peek's observations (>»), 
and approxi^ejy ^ th the observations of Faccioli (•), Mershon 
* ), Hendricks ( ll ), Harding (i®), Lewis (14), and Wood (45, 46) j 
but unpublished observations by Harding, up to 500 kilovolt* 
indicate considerable discordance. 


Table 1. Corona on Clean, Round Wires in Air, 25°C a 
1 Normal Atmosphere — Variation with Radius 

^ ritlnuouB (D.C.) voltage, subscripts ( + , _) indicate t 
E p p P° tent ‘ a l of the wire around which the corona appea 

are ^dependent of the material of the wire and of t 
1 ' ^ *he air - E me decreases as v increases; at v = 


it is 2.4% less than at p - 20 ( 43 ); at r = 2 000 it is 6% less than 
at v = 60 (42); Peek ( 20 ) reports no change below r ** 1 000, and 
a smaU decrease from > = 1 000 to * « 30 000. Probable 
accuracy is indicated in “Lit.” column. For variation with 
density of air, v. Table 2. Unit of » * 1 cycle /sec; of r *= 1 

cm = 0.394 in.; of E mc , E+, = 1 kilovolt cm” 1 =* 3.335 cgse 

cm” 1 **= 254 kilovolt in” 1 . 



y =■= 

60 cycle/sec 

y 

= 0 (D.i 

C.) 



|| (*» 22, 29, 30, 

40, 44) 

r 

E mt 

| Lit. 

r 

E + 


0.01 

120 

(1 6) * 

0.002 

239 

221 

.025 

86.5 

3% 

.003 

198 ’ 

187 

0.05 

71 . 36 


.004 

174 

166 

.06 

07.86 


.005 

156 

150 

.07 

65.10 


.006 

144 

140 

.08 

63.24 

(37, 38, 39, 41, 43)f 

.007 

134 

132 

.09 

61.48 

.008 

126 

125 

.10 

60.04 


.009 

121 

120 

.20 

52.10 

0.8% 

.01 

116 

116 

.30 

47.99 


.02 

93 

95 

.40 

45.56 


.03 

82.5 

85 

.50 

43.89 


.04 

76 

79 

.60 

42.68 


.05 

71 

74 

0.70 

41.72 


.06 

67.5 

70 5 

.80 

41 , 


.07 

64.5 

67.5 

.90 

40 

( 26 )t 

.08 

62.5 

66.0 

1.0 

39.5 

.09 

60 

64 

2.0 

35.8 

• 

.10 

58 

62 

3.0 

34.2 

2% to 3 % I 

.130 

56 

9 

4.0 

33 0 


.239 

51 

3 

5.0 

32.5 


.625 

43 

6 

6.0 

32.1 


1 .110 

40 

7.0 

31.7 





8.0 

31.4 

( 31 )§ 




9.0 

31.1 





10.0 

30.8 





12 5 

30.3 

2% to 3% 




15 

30 

II 





* Peek: Parallel wire*, high voltage by ratio tram formation. 

t Whitehead and eo workers: Concentric .eyliader.. High voltage ia 
measured directly. 

t Petersen: Concentric cylinders. 8parkover and corona. 

5 Schumann: Concentric cylinder.. Voltage by ratm transformation 
Corona and sparkover. 


108 


INTERNATIONAL CRITICAL TABLES 


Table 2. — Corona on Round Wires in Air: Variation with 

Density 

There is general agreement that the equation E me = AA -J- 
B\/ 6/r accords with the observations with alternating voltages 
of fixed v over a wide range of t , p, and r; and accords with obser- 
vations with continuous voltages if p > 10 cm Hg and r > 0.004 
cm. For D.C. data for smaller wires and lower pressures than 
those in table, and for current flow at E > E ,**, v. ( 7 > 30 ). Values 
in columns 5, r, p, and t indicate the limiting values covered by the 
observations. Except as indicated the electrodes were coaxial 
cylinders. Unit of E mc = 1 kilovolt cm -1 = 3.335 cgse cm -1 ; 
of r — 1 cm; of p = 1 cm of Hg; of t = 1°C. 


Alternating voltage, 60 cycle /sec 


6 

A 

B 

r 

P 

t 

Lit. 

0.47; 1.34 

31.6 

9.41 

0.044 ; 0.237 

30; 102 

7; 41 

(,7. 1.) 

1.0; 1.13 

29 8* 

8.90* 

0 01; 0.5 

74; 76 

-13; 22 

( ,4 > 

0.7; 1.2 

31 

9.65 

0.059; 0 053 

75.5 

-20; 140 

(* 7 ) 

0 02; 1 

31 

9.55 

0.12; 0.25 

1.7; 75 

18; 24 

('*) 

<2.295 

>2.295 

29.84 
32 . 90 

9.90 

8.50 

| 0.05; 0.03 

25; 139 

18; 20.7 

l 4 *) 

1.016 

27. 5t 

12.05t 

0.05; 5.0 

76 

20 

( l4 ) 

1016 

25. 2 f 

10. 1 5 t 

1.6; 590 

76 

20 

(*») 

1.016 

33.7 

8.9 

0.037; 0.110 

76 

20 

( 4 .) 


Continuous voltage 


6 


A ♦ 

A_ | 

1 

B_ 

r 

P 

t 

Lit. 

0 07; 

1.0 


31 


9.54 

0.04 

• 

5.3; 76 

25 

( 7 ) 

1 


33 7 

31 

8. 13 

9.54 

0.037; 0.116 

76 

25 

( 40 ) 

0.11; 

1.0 

39.8 

40.2 

7.32 

8.41 

0.026; 0.046 

10; 70 

6; 70 

( 44 ) 

0.075; 

1.0 

31 

31 

9.55 

9 55 

0.057; 0.239 



(“) 


* Parallel wires in free air. 

t Computed by J. B. W. For (*•) there was a sparkover, but no corona; for 
( 3I ) there were both sparkover and corona. 


Table 3. — Effective Corona Voltage (F*) for Three-Phase 

Transmission Lines in Triangular Arrangement: 25°C, 

1 Normal Atmosphere 

Corona causes an increase in electrostatic capacity of line, and 
in 3-phase, Y-connected grounded systems, causes a triple har- 
monic in the neutral; in ungrounded systems, distortion of voltage 
may result ( 24 ). Surface irregularities of transmission conductors 
reduce the corona-forming voltage. Peek ( 23 ) gives the following 
general equation: V =* kbE^r log.(s/r). 

Fof symbols and values of k, see above. At 25°C and an 
altitude of H meter above sea-level, 5 = 1 — A, where 1/A « 
0.5 + 8730 /i/, approximately (c/. eq. 4, Vol. I, p. 71). 

If all wires are in same plane, V ^ for central wire will be 4% 
lower, and for outer wires 6% higher than for triangular arrange- 
ment of same spacing. For parallel brass tubes, 2r =* 2.54 to 8.9cm, 
8 = 465 cm, V„ — 400 to 990 kilovolt, Peek (25) reports agree- 
ment with the equation. 1 

In first column of table the numbers 4 to 0000 refer to the Brown 
and Sharpe wire gage; 0.25 to 1.00 denote the sectional area as 
expressed in units of 10* circular mil = 5.067 cm*. Values of e 
correspond to integral numbers of feet (from 4 to 20); 1 ft. = 
30.5 cm. Unit of size = B. AS. wire gage, or 10* cir. mii; of r 
and 8 = 1 cm ; of V te — 1 kilovolt. 


8 

= 

122 

152 

183 

245 


366! 

426 

490 

| 610 

Size 

2r 



v,< 

. (stranded cables) 



4 

0-.584 

56 1 

58 

60 

62 

64 

66 

68 

69 

71 

3 

0.663 

62 

65 

67 

70 

72 

74 

76 

77 

80 

2 

0.736 


71 

• 

73 

76 

79 

81 

83 

85 

87 


Table 3. — ( Continued ) 


8 

= 

122 

! 152 

183 

245 

305 

366 

|426 

490 

610 

Si se | 

2r 


v« 

(stranded cables) 



1 

0.839 


79 

81 

85 

88 

i 

91 

93 

95 

97 

0 

‘ 0.950 



90 

95 

98 

102 

104 

108 

109 

00 

1.07 



98 

104 

108 

111 

114 

117 

121 

000 

1.19 




114 

118 

121 

124 

127 

132 

0000 

1.36 




125 

130 

135 

138 

141 

146 

0.25 

1.50 




138 

144 

149 

152 

156 

161 

0 30 

1.57 





151 

156 

161 

165 

171 

0.35 

1.73 





161 

166 

170 

175 

180 

0 40 

1.85 





171 

176 

180 

185 

192 

0 45 

1.96 





178 

184 

190 

194 

200 

0.50 

2.04 





138 

194 

199 

205 

210 

0 80 

2.62 






234 

241 

244 

256 

1 00 

2 92 






256 

264 

270 

281 

Size 

2r 

V ec (wires) 

4 

0.524 

54* 

56 

58 


62 

64 

65 


68 

3 

0.581 

59 

62 

64 


68 


72 

74 

76 

2 

0.655 


69 


74 

76 

78 

80 

• 82 

84 

1 

0.734 


75 

77 

81 

83 

86 

88 



0 

0.826 



85 

89 

92 

95 

97 



00 

0.928 



94 


102 

105 



113 

000 

1.04 




109 

113 

116 


121 

124 

0000 

1.17 




120 

125 



134 

138 


• For $ - 91, V m - 61. 


Table 4. — Corona in Oil 

With coaxial cylindrical electrodes and alternating voltage, 
Emc for pure, dry transil oil satisfies the following equation ( 2, ) ; 

Emc " 36(1 -f c/y/r) kilovolt /em, 

where c* = 1.44 cm. It changes only slightly with temperature 
between 10 and 100°C. Very slight traces of moisture (1 in 

10 000) greatly reduce the sparkover and corona-forming voltages. 

Sparkover and corona are simultaneous if R < 300r. R = internal 

# 

radius of outer cylinder. 
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ELECTRICAL CONDUCTIVITY AND RESISTIVITY 


Complete Index 
Pore Substances 

Gases 

AU gases. 

Liquids 

Elements. 

All elementary substances 
below -80*C. 

All metals above — 80°C 
(except the rare earth 
metals). 

8, 8e and Te. 

All non-metallic elements and 
the rare earth metals 
above -80°C. 


Chemical Compounds. 

Salt a. 

Water. 

All others. 

Solids 

Elements . 

All elementary substances 
below — 80°C. 

All metals above -80°C 
(except rare earth metals) 


8, Se and Te. 

All non-metallic elements 
and the rare earth metals. 

Chemical Compounds. 

8alta in bulk. 

Ice. 

All others and all single 
crystals. 

Solutions and Mixtures 
All gases. 

Liquids and Solids 
N on-aqueous. 

Alloys, amalgams and com- 
mercial metals. 

Natural and industrial mate- . 
rials (see final index under 
class of material). 


^Its and other 
above 150°C. 
Aqueous. 


mixtures 


Index Complbt 
Substances pures 
Gas 

Toils lea gas. 

Liquidea 

fitments. 

Toutes les substances 616- 
mentaires au dessous de 
-80°C. ' 

Tous les mltaux au dessus de 
, —80°C (except^ les m6- 
taux des tcrres rares). 

a 

S, Se et Te. 

Tous les 616ments non m6tal- 
liques et les m6taux des 
terres rares au dessus de 

-80°C. 

Composts chimiques. 

Sels. 

Eau. 

Tous les autres. 

Solides 

tHUments. 

Toutes les substances 616- 

% 

mentaires au dessous de 
— 80°C. 

Tous les m6taux au dessus de 
-80°C (except6 les m6- 
taux des terres rares). 

8, Se et Te. 

Tons les 616ment8 non m6tal- 
liques et les m6taux des 
terres rares. 

Composts chimiques. 

Sels en masse. 

Glace. 

Tous les autres et tous les 
crista ux isolda. 

Solutions et m61anges 
Tous les gaz. 

Liquidea et solides 
Non-aqueux. 

Alliages, amalgames et 
m6taux du commerce. 
Matifcres naturelles et indus- 
trielles (coir 1’index final 
sous classe des matures). 


Sels et autres mdlanges au 

dessus de 150°C. 

Aqueux. 


Gesamt Index Verzeichnis 
Reine Stoffe 

Gase 

Alle Gase. 

FlQssigkeiten 

Elemenie. 

Alle elementaren Stoffe unter- 
halb — 80°C. 


Indice Completo 
Corpi puri 

Gaa Paqi 

Tutti gas 110, 119, 156 

Liquidi 

Elementi. 

Tutti gli elementi al di 
sotto di — 80°C. 124 


Alle Metalie oberhalb — 80°C 
(ausgenommen die seltenen 
Erdmetalle). 

8, Se und Te. 

Alle nichtmetallischen Ele- 
mente und die seltenen 
Erdmetalle liber -80°C. 

Chemische Verbindungen. 

Baize. 

Wasser. 

Alle anderen Stoffe. 

Feste Stoffe 

Elemenie. 

Alle elementaren Stoffe unter- 
halb — 80°C. 


— 80°C (eccettuati i 

metalli delle terre 

rare ) 135 

S, Se e Te 141 

3 utti gli elementi non 
metallici e i metalli 
delle terre rare sopra 

-80°C 142 

Composti chi mid. 

S* 1 * 147 

Ac 9 Ua 152 

Tutti gli altri 142 

Solidi 

Elementi. 

Tutti gli elementi sotto 

12 4 


Alle Metalle oberhalb -80°C 
(ausgenommen die seltenen 
Erdmetalle). 

8, Se und Te. 

Alle nichtmetallischen Ele- 
mente und die seltenen 
Erdmetalle. 

Chemische Verbindungen. 

Salze in homogener phase. 

Eis. 

Alle anderen Stoffe und einzel 
Kristalle. 

% 

Ldsungen und Mischungen 

Alle Gase. 

Flussigkeiten und >feste Stoffo 

N ichtwdssrige Systems , . , 

Legierungen, Amalgam© und 
Metalle des Handels. 

Naturliche und technische 
Materialien ( siehe den 

Schluss-Jndex unter Natur 
der Materialien). 

Salze und andere Mischungen 
oberhalb 150°C. 

Wdssrige. Systems. 


(eccettuati i 
metalli delle terre 

rare ) 1& 

8, Se e Te 14] 

Tutti gli elementi non 

metallici e i metalli 

delle terre rare 15c 

Composti chi mid. 

Sali in massa I47 

Ghiaccio 152 

Tutti gli altri composti 

e cristalli singoli 153 

Soluzioni e miscugli 

T* 141 ’ Ka® 110,119,159 

Liquidi e solidi 

Non aequo si. 

Leghe, amalgame e 
metalli commerciali. . 

Materiali naturali e 
industriali ( vedi 1’in- 
dice in fondo sotto la 
categoria del mate- 
riale). 

Sali ed altri miscugli 

sopra 150°C 

A a/uosi 9 
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PROPERTIES OF CARRIERS OF FREE ELECTRICITY IN GASES* 


Leonard B. Loeb 
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semblc* complete du sujrt et pour la 
bibliographic complete, roir (**<>). 


INTRODUCTION 

Types of Ions. — Three types of carriers may be distinguished: 
Normal ions, slow ions, and free electrons. 

Normal ions are the carriers generally found in dry, dust-free 
gases at approximately atmospheric pressure. As far as is known 
(83, 87, 139) t after the first few hundredths of a second they carry 
a single electronic charge (4.774 X 10" 10 es). Their mass is not 
known, but is of the same order as that of one to several molecules; 
their exact nature is an object of controversy (® 7 » 81 » * 2 , 126 ) 

but it is certain that in some cases they consist of two or more 
molecules. Where the mobility of the completely formed positive 
ion is markedly less than that of the negative ion the mobility 
of the newly formed positive ion is abnormally great (33, 38, 36, 
37, 38, 39, 41, 7t, 136, 149, 152) and probably equals that of the 
negative ion ( 40 « 87 ). In these gases the positive carrier seems to 
be completely formed after 0.03 second, and then its mobility no 
longer varies with its age. For gases in which the negative ion is 
the less mobile, no data exist. The mobility of both ions appears 

to be remarkably independent of the mass of the initially ionized 
molecule (10, 38, 40, 41, 42, 49, 61, 67, 82, 100, 125, 1 53). J n at 

least one case (40) this can be ascribed to a transfer of the charge 
from an ionized molecule of higher ionizing potential to one of a 
lower; in other cases, such as with radioactive ions (36, 39, 42)^ 


Inhaltsverzeichnis 

Einleitung (allgemeine Bezie- 
hungen und Erkliirungen). 

Normale Ionen. 

Beweglichkeit (alte Ionen). 
In Luft und reinen Gasen. 
In Gasmischungen. 

Einfluss des Dm ekes. 
Einfluss der Temperatur. 

Beweglichkeit neugebildeter 
Ionen. 

Diffusionsvermogen. 

Wiedervereinigungskoeffi- 

zient. 

Bei einer Temperatur und 
einem Druck. 

Einfluss des Druckes. 
Einfluss der Temperatur. 

Langsamc Ionen: Beweglich- 
keit. 

Elcktronen. 

Wanderungs- und ther- 
mische Geschwindigkeit. 

•>' Zahl der Zusammenstosse vor 
der Vereinigung. 

Kondensation von Diimpfen an 
Ionen und Kernen. 
Molekularer Bereich fUr die 
Entfemung des Elektrons. 

* Datcn sowoit wie sie bis emschlicss- 
lich Fcbruar 1928 beknnnt geworden 
sind. FOr die vollst&ndige Ober- 
sicht dieses Gegenstandes und die 
gesarnte Litcratur, siehe (' >°). 


Indice ‘PaQB 

Introduzione (relazione 
genera le e spiegazioni 


dei termini) 110 

Ioni normal!. 

Mobility (ioni vecchi). 

In aria e nei gas puri 111 

Nei gas misti 112 

Effetto della pressione 114 
Effetto della tempera- 
ture 114 

Mobility di ioni format! 

da poco 114 

DiffusibiliU ; 115 

Coefficient© di rioombi- 
nazione. 

A una sola tempera- 
tura e pressione. .. . 115 


Effetto della pressione 115 
Effetto della tempera- 


tura 115 

Ioni lenti: mobility 115 


Elettroni. 

Velocity di migraaione 

e termica — 116 

Numero della collisioni 
prima della ricombi- 

nazione 1W 

Condensazioni di vapore 

su ioni nuclei 

Are© molecolari efficaci 
nei rimuovere gli elet- 
troni m 

* Coijiprendo i dflti anteriori al 
nmrio 1928. Per una conoacenaa 
complete del aoggetto e per una 
bibliogrnGa completa. vtdi ( ,,# )- 


this is not so. The nature of the completely formed ion does not 
depend upon the process by which it was formed ( 39 > 39 , 41 , 42 , 
49 » 73 ) provided this process does not directly give rise to charged 
particles of more than molecular mass. It does however very 
much depend on the electrical and chemical nature of the sur- 
rounding gases with which it has had time to come into equilib- 
rium (4i, si, 82, 96) < j n g a ses with a negative mobility higher 
than that of the positive,' the mobility of the negative ion is inde- 
pendent of its age; abnormalities observed at low pressures are 
attributed to a delay in the attachment of the electrons to neutra 
molecules to form negative ions ( 50 > 55 » 68 » * 

155, iS6)j i n gome gases, an electron must make many collision* 
with molecules before attaching to one to form an ion (see Tab c 
12). In certain pure gases [He, A ( 43 ), Nj, H» ( 6$ ), CO (* 50 ) an 
probably NH 3 ) the electron cannot attach itself to a molecule to 
form an ion. In such cases the negative ions are formed by t e 
attaching of the electrons to impurities which may bo present, 
these negative ions have mobilities which arc of the same order o 


magnitude as those of positive ions. 

Slow ions consist of pre-existing nuclei, of more than molec 
mass, to which normal ions have become attached ( 45 *^ ^ 

Their mobilities appear to van' somewhat with age (•* * * 

20, 21 , 22 , 23, 45). Two definite types (tor, ios, n*) of such 
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ions have been found in moist air. Type I characterized by a 
mobility which decreases as the partial pressure of the water 
vapor is increased; these are not found whep the partial pressure 
exceeds 17 mm of mercury ( 108 ). Type II ( 62 , 63, 107)^ the 
so-called Langevin ion, is found at all humidities; and its mobility 
depends, not upon the partial pressure, but upon the relative 
humidity, decreasing as the latter increases ( 8 » *» 18 , is, 20 , 21 , 22 , 
23 , 90 , 88, 99 , 101 , 102 , 103 , 145). Besides the ions included in 
these two types, there are other carriers formed by the attachment 
of normal ions to solid particles of various sizes; the mobilities of 
these vary with the size of the particles; these will be called 
heterogeneous slow ions . 

Electrons. — The velocity (t>) of migration of free electrons is not 
proportional to the intensity of the electric field causing the 
migration (8, 70, 71, 112 , 139 , 143 , 144). Under the action of an 
impressed electric field, the velocity of thermal agitation of the 
electrons exceeds • (!*»> 143, 144) that of the surrounding gas 
molecules by a factor (e) depending upon both the field strength 
(F) and the pressure ( P ) of the gas. Within the limits covered 
by observations, the values of c and of v at a specified temperature 
and for a given gas are quite closely determined by the ratio F/P. 
See Table 11. (For theoretical discussions, see (25, 26 , si)). 

Coefficient of Recombination of Ions. — Our knowledge of the 
coefficient of recombination of ions in gases is in a highly unsatis- 
factory state. Beside difficulties due to columnar ionization in 
the case of ionization by a-particles (131), no matter what the 
source of ionization, the initial density and distribution of ions are 
not known, and erroneous assumptions in this regard may lead to 
values of the coefficient (a) which are seriously in error. Thus, 
Rtimeiin (*20) and Plimpton ( 106 ) have found that, during a 
short interval immediately following the formation of the ions, 
a has an apparent value that is five times the corresponding value 
reported below (Tables 7, 8, 9). This may be due in part to an 
initial recombination of free electrons with + ions (84). Values 
obtained by the use of a-particles have been eliminated as far as 
possible from Tables 7, 8, and 9, later values obtained in other 
ways being giVen. Most observers find that at low pressures and 
room temperatures a increases nearly proportionally to P, but at 
pressures greater than 1 atm. it approaches a constant value. 
Data for variation with temperature are discordant; those of 

Erikaon are probably the best, and indicate that a increases with 
the temperature. 

Mobility (*).-— The mobility of an ion = velocity* of migration 
per unit electrical field intensity. Over a wide range of densities 

“ a con8tant for a & ven (See Table 4.) Value of k 
at 0 C and 760 mm of mercury at 0°C, is often called the mobility 
constant * Uncertainties in the proper interpretation of the 
observations and slight variations in the experimental procedure 

t » tli| 1 46)^ as well as traces of unsuspected active impurities 

onT n on m any 0ne ° f a 8eriefl of ga8e8 ’ may introduce variations of 
Mto 30% in the inferred value of k; but relative values obtained 
under comparable conditions (41, 81, 96, 112 , 139 , 147) are qu j te 

accurate except for the selective action of impurities. For methods 
o measurement and interpretation of observations, see (24, 33, 46, 

estahl- rV'u 601 7S * ?4 ’ 112> ,18 ’ 128 ’ 160) * For attempts at 
. theoretical relations between k and other properties 

of the gas, «ee (46, 61, 67, 76, 82 , 94 , 112 ). 

Effective Sectional Area of Molecule . — See p. 117 . 

Table 1. Mobility Constant of Normal Ions in Gases 

For mixed gases other than air, see Table 2 

** another “ indicated, pressure * 760 mm of Hg r 

S£^T“ 15 °C- Methods: B = air-blast, C - current 

F “ Franck ’ 8 ' L = Langevin’s, It = Rutherford’s, 

methods P aD . Grin ^ ey ’ 8 ; ft, and T are alternating current 

Range in value is indicated by { ; el *= negative carriers 


are free electrons; i = gas wafc slightly impure; p — gas was 
pure, giving free electrons even at high pressures. Mobility con- 
stant is k* - kd/d Q where d 0 - density at 0°C and 760 mm of Hg 
and d =» density when k was measured; excepting at the higher 
temperatures the values of k given below do not differ significantly 
from fc®. Data marked * have been reduced by dividing the 
observed values by 1.21 so as to bring them to the same basis as the 
others which were obtained by methods yielding a doubtful low 
value {see ( 73 > 74 » 128 , 146 )) ; it ig believed that k = 1.21 M in all 
cases; subscripts (+, _) indicate the ion to which M refers. Unit 
of k = l.cm sec -1 per volt cm -1 = 1 cm 2 volt" 1 sec" 1 . 



CCb 

H 2 0 


Acetylene 


Benzene . 
Ethane. . 
Ethylene 


Formula 

M + 

M _ 

# 

C,H a 


0.95* 


0.71* 

0.77* 

C*H fl 

0.18 

0.21 

c 2 h* 


1.07* 

c*h 4 


0.75* 
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Table 1. — ( Continued ) 


Gas 

Formula | 

M «. | 

|Method| 

Lit. 

n-Hexane 

C 6 H m 

E2D| 

0.16 

B 

(108) 

n-Pentane 

CJli* 


0 35 

l 

• 

(154) 




0.451 

F 

(159) 

Chloroform 

CHCl, 

0.19 

0.16 

B 

(109) 

Ethyl chloride 

CaHfcCl 

0 304 

0.317 

F 

(159) 



0.33 

0.31 

L 

( l *«) 

Ethyl iodide 

C/HJ 

0.17 

0.16 

L 

(154) 



0.181 

0.181 

F 

(159) 

Methyl bromide 

CHiBr 

0.29 

0.28 

L 

(154) 

Methyl iodide 

CHJ 

0.24 

0.233 

F 

(155) 



0.216 

0.226 

F 

(159) 

Isobutyl alcohol 

C 4 H 10 O 

0.21 

0.21 

B, 105° 

(110) 

Ethyl alcohol 

C*HeO 

0.39 

0.412 

F 

(155) 



0.363 

• 

0.373 

F 

(159) 

Isoamyl alcohol 

CJIijO 

0 19 

0.23 

B , 130° 

(110) 

Methyl alcohol 

CH 4 0 

0 37 

0.38 

B, 66 ° 

(110) 



0.29 

0 30 

B 

(109) 

n-Propyl alcohol 

C,H»0 

0.22 

0.22 

B, 97° 

(110) 

Acetaldehyde 

c*h 4 o 

0.31 

0.30 

L 

(154) 



0.307 

0.331 

F 

(159) 

Acetone 

C.H.0 

0 31 

0,29 

L 

(154) 

% 


0.236 

0.247 

F 

(159) 

Ethyl acetate 

CJLO* 

0.31 * 

0.28 

L 

( 1S *Y 



0.16 

0.19 

B, 77° 

(110) 



0.226 

0.247 

F 

(159) 



0.19 J 

0 24* 

B , 58° 

(110) 

Methyl acetate 

CiH«Oi 

0.33 

0 36 

L 

(154) 

n-Propyl acetate 

CJIioO* 

0.15 

0.17 

B, 100° 

.(110) 

Ethyl formate 

C.H.O, 

0.30 

0.31 

L 

(184) 

Ethyl ether 

C 4 H 10 O 

0.29 

0.31 

L 

(154) 



0.19 

0.22 

F 

(70) 



0.15 

0.16 

B 

(109) 


•Observer's value is k - \.21M. t Pag©324. X Sum of + and — mobilities. 


Table 2. — Mobility (fc) op Normal Ions in Mixed Gases 
If p« and pb “ the partial pressures of the constituents A and 
B of a binary mixture, P «= p* 4 c. » 100 p a /P, and c* - 
100 pb/P, then Co and q, are the per cent concentrations of the two 
constituents* If k s , fo, kob are the mobilities for the pure gases 
and for the mixture, all reduced to 760 mm of Hg, then k = 
I00kokb/(coh> 4 Cbko) in the following cases: Both ions in CO* 4 
H*, and CO* 4 air (Blano ( 10 )), in C*H, 4 H* (Loeb ( 87 )), and in 
O* 4 H* (Mayer ( 96 ));for 4 ions in CHJ 4 H* (Wellisch ( 153 )); 
and for — ions in (C*H»)*0 4 H* (Loeb (® 1 )). For both ions in 
NH* + air (Loeb ( 85 » and for 4* ions in Cl* 4 H* (Mayer ( 96 )), 
kob = kokb / (cjkl 4 cjk*)/100 fits the observations better. For 
all other mixtures yet studied, the data depart markedly from these 
laws if the concentration of the gas of lower mobility is small, 
but approximate one or other of them as this concentration is 
increased; see also ( 7 > 81 » ,47 ). c» = percentage of vapor. Unit 
of k = 1 cm*/ (volt sec); 6 f c =* 1%; of P * 1 mm of Hg. 


Air 4 vapor {tee also Fig. Index) 


Vapor | 

c , 

K 

Jb. 

P 

f, °C 

| Lit. 

None : > 

0 

1.37 

1.80 

737 

15 

(153) 

h*o*...: 

0.0 

1.38 

2.11 

566 

25 

(96) 


1.6 

1.38 

2.00 

539 

25 

(96) 


2.4 

1.35 

1.85 

535 

26.5 

(96) 


2.5 

1.32 

1.83 

535 

23 

(96) 


2.0 

1.25 

1.63 

522 

23 

(96) 

CHJ 

0.81 

1.37 

1.80 

737 

15 

(163) 

CiHkBr 

0.81 

1.32 

1.80 

737 

15 

(153) 

CtHsOH 

1.32 

0.91 

1.10 

755 

15 

(153) 

C*HJ> 

1.19 

1 15 

1.37 

755 

15 

(153) 


* Far BiO, k ha* bees reduced to bade of P - 760 mm. 


Figure Index 


Mixture 

Fig. | * Mixture 

Fi«. 

Air 4 H*0 

9 

Air 4 n-CJlnOH 

9 

Air 4 HC1 

7 

O* 4 H*. . . . ; 

1 

Air 4 NH, 

4 

Oi 4" Cl- 

A 

1 

Air 4 COf 

6 

H, 4 Cl*. 

A 

1 

Air 4 CCI 4 

8 

H, + H.S 

A 

3 

Air 4 CHCl,...'. 

8 

H, 4 NH, . . . 

2 

Air + CH.OH 

9 

H, 4 CO, 

mm 

6 

Air 4 CjHbOH 

9 

H, 4 (C,H*),0 . 

5 

Air 4 ^CjH)OH 

9 

H, 4 CHJ.. 

4 

Air 4 n-C«H,OH 

9 

H, 4 C,H* 

• 

4 




Fios. 


. 1 to 9. — Mobility ( k ) of normal ions in mixed ga**- 

>1# and index, •«« Table 2.) P - 760 mm .Hi . < - 1 ™ . 

— - — — of the second constituent; s.0. in Fig. 2, Ct — enclosed 

NH,: sign of ion is indicated by a subscript, ♦ or literature rcference 
in ( ). Unit of Ct - I %; of * is nominally 1 eroVOolt •«> »'» 
suitable for ratios only within the group of which they form a part. 


(For symbols 
concentration 
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A. H ? +C0 ? *o Ordinates at left 
B-_Aif4C0j *>• Ord»nates ar right 







Ain-CCl* 

Air + CHClj o • 


-e. 


Figs. I to 9.— Mobility (i) of normal ions in mixed gases 

(For symbols and index, see Table 2.) P = 760 mm # . _ 0 J _ 

conceDtration of the second constituent - ta in Fi* 2 C ^ .Ct 

suitable for ratios only within tho group of wftch they fi Tp^t 
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Figs. 1 to 9. — Mobility ( k ) of normal ions In mixed gases. 

(For symbols and index, aee Table 2.) P — 760 mm Hr, t - 15°C, C\ — 
concentration of the second constituent; eg. in Fig. 2, Ct - concentration of 
NH»; sign of ion is indicated by a subscript, ♦ or literature reference is enclosed 
in ( ). Unit of Ci ■= 1 ; of fc is nominally 1 cm*/ (volt sec), but data are suitable 

for ratios only within the group of which they form a part. 

Table 3. — Mobility (it) of Normal Ions: Variation with 

Pressure (P) 

For a given gas at a given temperature, Pk is a constant if P 
lies between a few mm of Hg and 75 or 100 atm. ( 27 » s7 » 39 . 92 » 
136, 14», 156); a t other pressures, variations are observed. At 
leasfa part of the variation at low pressures arises from the fact 
that an appreciable fraction of the ions present are not completely 
formed ( 56 » 97 » 153 i l &6) (cf. Table 5). Sign of ion is indicated 
by subscript + or _ Recent results in SO, indicate that for 
saturated vapors this law may not hold ( 89 ). Unit of k » 1 
cra x /(volt sec); of P = 1 mm of Hg or 1 atm. Temperature * 
15°C. 


PK I PK 


Air ( 37 ) P, atm. 
13.3 1.32 1 84 

21.1 1.30 1.75 

31.2 1.35 1 87 

36.8 1.37 1.87 

41.7 1.32 1.87 

47.6 1.30 1.86 

50.6 1.32 1.85 

53.0 1.37 1.94 

59.5 1.34 1.89 

70.6 1.36 1.91 

74.6 I 1.39 1.96 

Air (* 2 ) P, atm. 


66.86 
87.21 
96 90 
108.50 
116.28 
123 10 
132 75 
145 35 


1.32 

1.41 

1.46 

1.48 

1.50 

1.52 


1.60 


1.89 

1.86 

1.89 

2.04 
2.07 

2.05 


p 

1 

PK 

Air ( 92 ), 

— (Cont'd) 

155.04 

1.68 

2.21 

164 73 

1.71 

2.32 

175.40 

1.61 

2 19 

181.50 

1.65 

2.17 

0,* (13«) P, 

mm 

1.57 

1.59 


1.39 

1.86 


1.27 

1.78 


1.06 

1.99 


0.79 

2 08 


0.63 

2.09 


0.48 

2.48 


0.41 

2 71 


0.25 

2 60 


0.172 

3 63 


0.151 

2.96 


0.091 

3.55 



P | Pk PK 


CO,*. 
0 93 
0.525 
0.507 
0.451 
0.350 
0.300 
0.210 
0.136 
0.091 
0 053 


-( Cont’d ) 
1.30 
1.40 
1.50 
1.55 
1.65 
1.78 
1.70 
1.72 
2.22 
2 27 


H,* (136) p t mm 


1.60 2 .04 


2 21 


CO,* (136) p f mm 
1.47 
1.13 


1.09 

1.20 


3.54 

2.68 

1.50 

1.27 

0.99 
0.67 
0.42 
0 38 


6.32 

6.64 

6.40 

7.36 

8.00 

8.42 

8.95 

9.60 


* Thermions from hot salts. 


Table 4. — (Continued) 


Table 4. — Mobility (k) of Normal Ions in Dry Am: 

Variations with Temperature (T) 

At constant density and near room temperature, k is practically 
independent of T. For theoretical and other discussions, see 
(45, 6ii, 7f, iia, 125), p = pressure; sign of ion is indicated by 
subscript ♦ or _ Unit of k =* 1 cm*/(volt sec). T * absolute 
tempera turn, °K; 7\> =» value of T at 0°C. 



( kTo/T )- 


T, °K 


(kTJ 
T)+ 


(kTJ 
T)- 


T, 



u 


P = 1 atm. ( 56 ) 

P = 

1 atm. ( l04 ) 

Constant de 

insit v* 

698 

2.19 

411 

1.33 

1.66 

(«).— (Cord'd) 

643 

2.32 

399 

1.34 

1.64 

311 

1.209 

1.81 

570 

2.15 

383 

1.32 

1.64 

297 

1.327 

1.740 

540 

2.20 

373 

1.33 

1.62 

273 

1.365 

1.755 

A 

503 

2.18 

348 

1.31 

1.67 

252 

1.30 

1.663 

468 

2.30 

333 

1.31 

1.64 




463 

2.20 

285 

1.33 

1.71 

Constant density 

428 

2.35 

209 

1.24 

1.61 


(”) 


416 

2.27 

94 

0.682 

0.68 

T , °K 

K 

*- 

409 

2 22 




293 

1.35 

1.89 

388 

2 05 . 

r An ofont rlnnoifv^ 

209 

1 34 

1 82 

378 

2.00 

WU0 

vuu U VAV, 

(32) 

1 

93 

1.20 

1.24 

360 

2.00 

T t °K 

M 

M 




340 

2.10 

336 

1.207 

1.729 

Constant density ( 

335 

2 04 

3 1.* 

1.278 

1.809 


(12.) 


300 

1.91 

306 

1.326 

1.777 

r, °K 

M 

M 

296 

\ .88 

297 

1.364 

1.693 

288 

1.88 

2.43 

268 

1.83 

273 

1.361 

1.522 

332 

1.86 

2.47 

237 

1.77 

252 

1.321 

1.596 

395 

1.75 

2.33 

202 

1.53 

89 

1.20 

1.24 

r, °K 

M 

M 

180 

1.32 

r, °k 

*4 

*4 

288 

1.59 

2.21 

149 

1.14 

343 

1.101 

1.510 

370 

1.52 

2.43 

84.5 

0.717 

325 

1.178 

1.701 

288 

1.62 

2.29 


• Tho density is that corresponding to 0°C and 1 atm. 

t Air dried over CaCl, and liquid air; vessel unheated. 

$ Air dried over liquid air; during filling, vessel heated to 373®K - I0OC*. 

5 The density is that corresponding to 15°C and 1 atm. 

H Air of highest purity in contact with Na. t Dry air of less purity. 

Table 5. — Mobility (k) of Newly Formed Ions 

Very new -t- ions have the same mobility as the — ions; mobility 
of — ions appears to be independent of age. Values of k on any 
one line of the table are relatively correct, but are not in all cases 
comparable with those on any other line. 

U n = upper limit for the age of the new ions; L 0 *■ lower limit 
for the old ions. The same age limits apply to both -b i° n8 an(1 
— ions. Pressure =» 760 mm of mercury; temperature =* 15 C. 
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Table 6. — Diffusivity (A) of Normal Ions 
For methods of measurements and discussion of relation of A and 

' k , See («L »*, 97, 133, 139) 

dA' / dn , _ _ , 

-gj- = — Agjdxd y; d N = resultant number of ions, of the 

species considered, which diffuses, in the direction of increasing z, 
through the area dxd y in the time d t, when the gradient of the 
concentration (n) ot these ions normal to dxdt/ is dn/dz; n = num- 
ber per unit of volume. For these data, PA for a given gas and a 
given species of ion is essentially a constant; all observations were 
made near room temperature. At P = A«, 0 = 0°C, and for any 
given gas and species of ion A/ko = AJr^e = 7.85 X 10~ s 
erg/es; k 0 = mobility constant of the ion considered; n 0 = Lo- 
schmidt’s number; e = electronic charge. Sign of ion is indicated 
by subscript + or Unit of A = 0.01 cm*/sec; of P = 1 mm of 

Hg; of temperature (0) = 1°C. 

^ ——————— ■ - 

Dry gases 


Gas 

1 P 


1 A- 

e 

Lit. 

Air 

1128 

2.2 

2.7 


(127) 

Air ; . 

772 

3.17 

4 29 

19 

(138) 

Air 


2.90* 

4.48* 


( 47 ) 

Air 

760 

3.2 

4.2 

« 

(127) 

Air 

758 

3.2 

4.2 


(127) 

Air 

550 

4.20 

5.42 

18 

(138) 

Air 

400 

5.78 

7.80 

16 

(138) 

Air 

300 

7.86 

10.3 

13 

(138) 

Air - 

200 

11.8 

15.5 

12 

(138) 

Nj 

1302 

1.7 

2.6 


(127) 

Na 

1120 

2.0 

2.8 


(127) 

N, 

1000 

2.3 

3.14 


(127) 

N 2 

760 

2.9 

4.1 


(127) 

Na 

760 

2.95 

4.14 


(127) 


760 

3.0 

4.1 


(127) 

C0 2 

760 

2.5 

2.6 . 


(127) 


* Estimated correct within 6 %. 


Gas 

4 




Dry 

Moist 

Dry 

Moist 

Air 

2.8 

3.2 

4.3 

3.5 

Oa 

2.5 

2.88 

3.96 

3.58 

CO« t r 

2.3 

2.45 

2.6 

2.55 

H 7 

12.3 

12.8 

19.0 

14 2 


1 able 7. Coefficient (a) of Recombination of Normal Ions: 

One Pressure and Room Temperature 

_dn _ 

~ dt ~ an + n -> Uj n n ~ = number of + ions and — ions, 


respectively, per cm’; n = either n + or n_; t = time, in seconds. 

I nit of pressure (P) = 1 mm of mercury; of a = 10“ 6 cm 3 per 
(ion sec). 


Gas 

P 

a 

Air. . . 

760 

760 

1.63 

1 A 1 

. 1.50 

1.72 

1.89 

1.61 

1 

0 2 

Ha 

I .ul 

1.49 





CO.. 

# uu 

7^7 




COa.. 

7ftO 

1.67 

1.62 

feJh. 

m 


1.66 

CH»I. . . 

• ou 

28 

100 

28 

95 

74Q 

CiHiCl. 





OaHjBr . . 


. 



(C»H,),0... 





NaO.. 



1.35 

1.31 

(132) 


SOa.... 

t ‘iy 





Lit.... 

UOU 

(137) 

(60) 

(106) 

(91*) 


* McClung used a-particles from radium 


Table 8. — Coefficient (a) or Recombination of Normal Ions: 
Variation with Pressure (P) ( cf . Table 7) 

For methods of measurement and discussion of observations, 
see also (29, 53, ei, 91, 105, 100, 120, 123, 135, 137). Unit of P - 

1 mm of Hg; of a = 10 -8 cm* per (ion sec). 


p 

a 

P 

a 

P 

a 

Air («0)‘ I 

Air (5 3 ).- 

-{Cant'd) 

CO, (»3*).- 

— (C ant'd) 

152 

0.28 

250 

0.99 

729 

I 1.64 

375 

0 67 

450 

1.26 

CO (132) 

760 

1.50 

760 

1 57 

247 

0.22 

1 550 

1.7 

(120) 

409 

0 44 

2 320 

1.5 

280 

1 77 

556 

0.62 

3 800 

1 .0 

420 

1.85 

690 

0 76 

(132) 

540 

2.05 

757 

0.87 

197 

0 44 

745 

2.13 

SOa ( * 32 ) 

307 

0.73 

CO, ■ 

(60) 

83.5 

0.26 

363 

0.82 

135 

0.18 

200 

0 42 

462 

1.02 

352 

0.88 

338 

0.72 

644 

1 44 

550 

1.20 

444 

0 91 

662 

1.47 

758 

1.60 

604 

1.07 

743 

1.66 

1 560 

1.47 

680 

1.31 

(53 

l ) 

2 380 

0.98 

N,0 (»32) 

10 1 

0 48 

| ( 132 ) 

200 

0 33 

20 

0.55 

175 

0.49 

294 

0.53 

35 

0 60 

265 

0.67 

430 

0.81 

50 

0.63 

373 

0.92 

596 

1.13 

100 

0 74 ! 

498 

1.19 

749 

1.33 

150 

0.84 |] 

614 

1.44 




Table 9. — Coefficient (a) of Recombination of Normal Ions: 
Variation with Temperature {cf. Table 7) 

Data for variation with temperature are very discordant. For 

illative values for C0 2 and H a , see ( 30 ). Following values are for 

air at constant density {af) and at constant pressure (aj»); the 

latter are relative to a = 1.7 X (10)-* cm* per (ion sec) at 289°K 

= 16°C. Unit of ad and ap = 10" 6 cm 3 per (bn sec); temperature 
= T, °K. 


T 

94 

205 

285 

289 

337 

ctd 1 

ap 

2.55 

1.92 

1.18 

1.7 

0.78 


373 
0.59 
0 85 


428 

0.47 

0.68 


449 


546 


Lit. 

(29) 

(105) 


Table 10. — Mobility ( k ) of Slow Ions 

Moist air at pressure = 1 atmosphere; p = partial pressure of 
water vapor present. Sign of ion is indicated by subscript + or 
(For classification of slow ions, see p. 110.) Unit of k = 10~ 4 
cm 2 / (volt sec); of p = 1 mm of Hg; temperature = t °C. 


V 

k 

P 

r * . 

r v 

1 K 

k _ 

n~ 

Ions of Type I ( 107 ), t 

« — _ ft a 1 

= 20°C 

I Ions of Type II. — ( Cord'd ) 

0.67 

7.99 

11.80 

3 67* 

10.82 


189 

20.9 

5.87 

6.85 

14.90 

3 25 

14.18 

187 


24.5 

8.85 

4.33* 

15.51 

3.17 

6.66 

• 

183 

15.3 

10.24 

3.90* 

16.05 

3.10 

13.29 

181 


20.4 

11.11 

3.79* 



11.29 

178 



* A single measurement. 

14.11 

166 


21.6 

V 

k+ 

k. r 

t 

15.66 

158 


23.9 

Io 

ns of Type II ( 108 ) 

15.43 

153 


22.6 

0.78 

668 


I 21.8 

13.16 

146 


21.0 

0.73 

658 



15.58 

116 


24.3 

0.68 


568 

19.7 

14.40 


> 

24 2 

4.97 


257 

18.4 

13.89 

91 


22.1 

7.33 

207 


24.8 1 

14.35 


81 

22.2 

5 92 


233 


15.43 


73.8 

22.2 

6.41 


189 

21.3 

16.67 


71.5 

24.5 

• 

11.67 


202 

ETCH 
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Table 10. — ( Continued ) 
Ions of Type II. — ( Conl’d ) 


p 

k+ 


l 

P 


k_ 

t 

14.87 

14.06 

63.6 

64.1 

23.4 

22.8 

16.88 
17 09 

28-6 

24.6 


19 5 
19.7 


Heterogeneous Slow Ions ( 8 ) 


Source is hot Pt. Air is saturated with water vapor; k 
refers to th*> type of ion that is the most numerous. Unit of 
k = 10“* cmV(volt sec); of age =» 1 sec. 


Age.. 

2 1 

4 

6 

8 

12 

16 

22 

32 

45 

58 

70 

*... . 

6 

4.2 

2.9 

2.6 

2.3 

2.0 

1.6 

1.2 

0.9 

0.75 

0.65 


Table 11. — Migrational {v) and Thermal (u) Velocities op 

Electrons in Gases at 15°C 

\ « 

If k =* mobility of electrons in the gas considered, v =* kF t where 
F ** strength of the electric field; the velocity of agitation u = 
1.15<*(10) 7 cm /sec, where c* is determined from the lateral scatter- 
ing of a beam of electrons in an electric field due to diffusion ( see 
(* 29 )); the mean free path (I) of the electrons is that defined ( ,39 ) 
by v = 0.815ef7/mu; Zi is the value of l when pressure (P) is 1 
mm of Hg, and temperature = 15°C; in the units named below, 
l\ = 0.0797 vcP/F. For actual values of F and P, see original 
papers. Unit of F = 1 volt/cm; of P = 1 mm of Hg; of 1 1 = 
0.01 cm; of v =* 10‘ cm /sec; of k =» 10 a cm*/(volt sec); c is dimen- 
sionless; u = 1.15c(10) 7 cm/sec. 


A (HI); 

10 < F < 50 
P < 150 

; 2 < 

F/P 

r 

c 5 

h 

15.00 

82.0 

324 

7.92 

10.00 

65.0 

324 

9.42 

5.00 

40.0 

310 

11.3 

1.25 

7.7 

320 

8.88 

0.950 

6.00 

280 

8.52 

0.710 

4.85 

240 

8.52 

0.525 

4.15 

200 

9.02 

0.440 

3.85 

180 

9.44 

0.355 

3.6 

160 

10.3 

0.275 

3.4 

140 

11.8 

0.195 

3.25 

120 

14.7 

0 125 

3.1 

100 

20 0 

Hi (H0) 

; 4 < F < 35; 
P < 40 

0.6 < 

56 

248 . 

146 

4.27 

50 

217 

138 

4.07 

40 

166 

123 

3.67 

30 

106 

104 

2.87 

20 

72 

78 

2.53 

10 • 

40.7 

44 

2.15 

5 

.26.7 

25.5 

2.14 

3 

20.2 

i8.e 

2.31 

1.5 

14.4 

12 

2.66 

1 

11.9 

9 

2 86 

0.5 

9.0 

* 5.5 

i 3 25 

0.25 

6.5 

3.1 

l 3.64 


H 2 (™); 10 < F < 100; 100 < 

P < 760 

- 432/(55.2 + P(760/P)fc), 
r = 760LP/P 

He (H 2 ) ; 2 <F <27; 5 < 

P < 240 ' 


5.0 

30 2 

172.0 

6.4 

4.0 - 

23 5 

152.0 

5 85 

3.0 

17.5 

137.0 

5.5 

2 5 

15 0 

124.0 

5.4 


He (HI). — {Continued) 


F/P 

V 

c a 

/. 

2.0 

12.7 

105.0 

5.25 

1.5 

10.6 

79.5 

5.0 

1.00 

8.25 

63.0 

4.85 

0.50 

5.74 

27.0 

4.8 

0.20 

3.93 

11.3 

5 3 

0.10 

2.96 

6.20 

5.95 

0.05 

2.14 

3.68 

6.6 

0.02 

1.33 

2.12 

7.8 

0.013 

1.11 

1.77 

9.14 

He (78); 10 < F < 100; 

100 < 


P < 760 

k\ = 757/(1.565 + 760P/P1, 
t> - 760fc*F/P 

N, (i 49 ); 4 < F < 34; 0.3 < 

P < 20 


60 

193 

126 

2.89 

50 

171 

108 

2.83 

40 

146 

89 

2.75 

30 

117 

72.5 

2.67 

20 

86 

59.5 

2.66 

10 

48.6 

48.5 

2.69 

5 

27 

41.3 

2.77 

3 

17.8 

35 5 

2.82 

2 

13.1 

30.5 

2.88 

1 

8.7 

21 5 

3.20 

0.5 

6.2 

13 ' 

3.55 

0.25 

5.15 

7.5 

4.60 


N, (7*); 10 < F < 100; 100 < 

P < 760 

*o - 363.7/(11.9 + 760P/P], 

* - 760JkoP/P 

Hi ( l#l );P = 760; alternating 
potential of frequency lOOOn 


per sec. 



F 

. * 

n 

1.01 

17.9 

5.30 

1.16 

18.1 

6.21 



Table 11. 


Hi ( 151 ). — ( Continued ) 

F 

k 

n 

1.22 

17.7 

6.30 

2.2 

18.0 

11.50 

2.9 

17.6 

15.05 

3.6 

17.4 

18.60 

4.2 

17.5 

21.50 

5.0 

17.0 

25.00 

6.3 

16.2 

29.70 

5.6 

16.2 

16.67 

6.9 

15.5 

30.90 

8.0 

15.9 

37.00 

13.0 

13.3 

50.50 

17.5 

,11.85 

60.1 

23.2 

10.30 

68.5 

26.1 

9.42 

71.1 

33.5 

7.95 

77.0 

35.8 

7.52 

79.1 

39.0 

7.25 

81.3 

43.3 

6.80 • 

84.5 

48.0 

6.11 

85.3 

55.5 

5.50 

87.7 


O, (H0); 4 < F < 35; 1 < 

P < 10 


F/P 

V 

c* 

l 

50 

201 

136 

3.74 

20 

86 

70 

2.89 

14 

61 

55.5 

2.57 

10 

46 

50 

2.58 

6 

36 

45 

3.22 

2 

30 

22.5 

5.6 


A + Hi (H1);(?) <F < (?); 

(?) < P < (?) 

96% A + 4% H, 


64.8 

26.5 

140 

0.39 

42.4 

25.4 

100 

0.48 

26.0 

23.5 

70 

0.61 

15.6 

20.8 

50 

0.76 

10.8 

19.0 

40 

0.89 

6.55 

16.7 

30 

1.12 

3.25 

13.6 

20 

1.51 

2.25 

12,2 

16 

1.75 

1.72 

11.1 

13 

1.87 

1.28 

10.00 

10 

1.99 

1.0 

9.10 

8 

2.08 

0.75 

7.95 

6 

2.09 

0.5 

6.35 

4 

2.05 


( Continued ) 

Air (HO );(?J <P <(?);(?)< 


F/P 

P < 

V 

(?) 

c* 

l 

100 

270 

160 

2.72 

50 

173 

102 

2.78 

20 

(90 

57 

2.71 

10 

52 

46 

2.82 

5 

30 

38 

2.96 

2 

17.5 

22 

3.28 

1 

12.5 

11 

3.30 

0.5 

9 

5.7 

3.37 

For relations 

found 

with 


parallel plates, P — 40 to 90 
mm, see ( 75 ). 

NO (i* f ); 2 < F < 35; 1 < 



p < 

10 


13 

84 

37.0 

1.42 

10 

74 

21.7 

0.88 

8 

66 

16.7 

0.73 

5 

51 

13.3 

0.84 

4 

45 

12.2 

0.97 

3 

38 

11.0 

1.10 

2 

30 

9.3 

1.21 

1 

22 

7.0 

1.37 

N t O (H» 

);2 < 

F < 17 

; 0.6 < 


P < 

10 

V 

13.33 

48 

13.9 


6.66 

49 

9.2 


3.33 

46 

5.0 


1.66 

32 

2.70 


0.83 

16.2 

1.81 


0.42 

7.5 

1.32 


CO (**•) 

; 2 < 1 

* < 35; 

0.3 < 

• 

P < 

40 


50 

152 

86 • 

2.24 

40 

114 

68 

1.87 

30 

80 

52 

1.53 

20 

57 

42 

1 47 

10 

38 

34 

1.76 

5 

28.5 

22.7 

2.16 

3 

26.0 

16.0 

2.76 

2 

23.0 

11.0 

3.04 

1 

18.0 

5.5 

3.38 

0.5 

13.0 

4.80 

4.52 

0.25 

9.0 

• 3.20| 

5.14 

CO (H0); 

5 < F 

< 100; 

100 < 


P < 723 

k - 1 870/(PV0.005 + W! p ) 

v - F kxi<r* 

• 


Table 12— Number (AT) of Molecular Impacts or an Electron 
before Its Attachment to Form a Normal Negative o 


N appears to be independent of pressure (observations fronj 

P * 20 mm to P = 760 mm), but increases with the i im 
velocity (v») of the electron {see end of table). Values ta^ a k/ 
refer to 15°C and are rather rough approximations. N ■ 

10- (S, 72, 77, 72, 88, 148). , 


Om 

A 

3 

Observer | 

a 1 

m 


Frmnok 

Cl, 

<2.1 

a 

Wablin 

H. 


Loeb 


Gas 1 

A 


He.. 

• 


V. 

• 


Ne 

• 



Fransk 

Loeb 

Townsend 
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Table 12. — ( Continued ) 


Gas 

A 1 

| n j 

Observer || Gas 

A 

E3 

Observer 

Of 

8.7 

3 

Loeb 

CiH< 

4 7 

7 

Wahlin 

HC1* 

<2 

3 

Loeb 

CiHkCl. 

3 7 

5 

Wahlin 

H*S* 

2 

4 

Loeb 

CiH« 

2 5 

6 

Wahlin 

SOi*. 

<2 

3 

Loeb 

(C«H»)tO« ... 

4 

4 

Loeb 

NH j . •«•••• •• 

9.9 

7 

Wahlin 

Airj 

1.98 

5 

Loeb 

NtO 

6.1 

5 

Loeb 

Air. 

4 3 

4 

T.orh 

CO 

1.6 

8 

Wahlin 

Airmail 

3 0 

5 

Railev 

COtt 

1.5 

7 

Loeb 

Air 4i I 1 

5 0 

5 

tai iv T 

Bailev 

COtt 

2.1 

5 

Loeb 

Air toil 

1.4 

6 

uaury 

Bailey 

C*Hi 

7.i 

6 

Wahlin 



* Value* estimated relative to air, from pressure at which free electrons appear 
(T*» so, m, • •). f Fresh COj. X COi, 22 hr old. § Accurate absolute value; 
dry air, P between 20 and 760 mm ( 7T ). || Subscript indicates value of r,; unit 

“ 10 4 cm/sec; e.g., for air** u » 33 X 10« cm/aeo. 

Table 13. — Condensation of Vapors on Ions and Nuclei 

The degree of supe maturation ( S ) of a vapor subjected to adia- 
batic expansion is defined as the ratio of the vapor pressure after 
the expansion to the pressure of the saturated vapor at the temper- 
ature of the gas after its expansion. 

When water vapor is supersaturated by adiabatic expansion, 
four stages of condensation are recognized: Condensation occurs on 
dust particles and on certain products of chemical action if S < 4; 
begins to occur on — ions at S = 4 ca. f on + ions at S * 6 ca., and 
on uncharged water nuclei at S >6. The nature of the gas in 
which the vapor is distributed has no effect upon the value of S 
required to initiate a given type of condensation. E s V 2 /V x = 
adiabatic expansion necessary to produce condensation, V X [V 2 ] = 
volume of moist gas before [after] expansion. E 0 , E + = value 
of E corresponding to jcondensation on uncharged water nuclei, 
on — ions, on ions; So, S-, and S+ are the values of S corre- 
sponding to Eo, E-, and E+. When the sign of the ion is not 
known the value of E is placed between the columns for E+. 


Formula 

Vapor 

E 0 

E _ 

E+ 

1 

Lit. 

HjO 

Water* 

1 38 

1.25 

1.29 

1 265 

1.31 

5.8 

; (157) 
(28) 
(111) 

( 3 ) 

(58) 

(28) 

(28) 

(111) 

(111) 

(HI) 

(28) 

(28) 

(*) 

(111) 

(!!!) 

(28) 

(Ul) 

(28) 

(111) 

( 3 ) 

(111) 

(111) 

(111) 

(58) 

(111) 

(111) 

(58) 

(58) 

(58) 

(58) 

(58) 

(58) 

(68) 

H,0 

Water 

1 42 

HjO 

Water 

1.366 

.1.314 

11.32 


HjO 

Water f 

1.31 

1.27C 
1 251 


HtO 

Water 


CC1 4 

CS, 

Carbon tetrachloride 

Carbon disulfide. . . 

1.08 

1. 

1 

89 

05 

02 


CS, 

Carbon disulfide. . . 

A • 

I 


CHClj 

Chloroform 


A • 

1 598 

1.528 
1 . 484 

XR 

a 

C S HJ 

Ethyl iodide 


1 530 

C.H 4 C1 

Chlorobenzene 

1 GO 

1 - 


C.H, 

Benzene 

1 78 

A ■ 

1.53 

1 50 


C,H # 

Benzene 

1.74 


C.Hs 

Benzenet 

1 642 


CjHeO 

Acetone 


2 noo 


ch 4 o 

Methyl alcohol 

1.42 


1.32 
1.251 
1 20 


ch 4 o 

Methyl alcohol 

1.378 

1.. 306 

2 3 

C s H«0 

Ethyl alcohol . . 

1.25 


C,H 6 0 

Ethyl alcohol 

1 .254 

1.200 

1.175 
1.180 
1 178 

2 3 

C,H,0 

Ethyl alcohol 

1 190 

1.158 

1.201 


C,H 8 0 

71- Propyl alcohol 

1.237 

3.1 
3.6 
5 5 

C«Hj 0 O 

C1H11O 

Isobutyl alcohol 

Isoamyl alcohol 

1.260 

1 293 

1.215 
1 233 

1.198 
1.218 
1.182 
1.271 
1.269 
1.782 
1.441 
1.343 
1 380 

C 4 H,jO 

C»H ls 0 

Isoamyl alcohol 

n-Amyl alcohol 

1 . 354 

1 307 

4.1 

CrHuO 

Heptyl alcohol 

1.362 

1.306 


CH,Oi 

Formic acid. . 

25.1 
9.3 
9 4 

c,h 4 o, 

^ ■ 

Acetic acid 



C,H,0, 

Propionic acid . . 



C.H.0, 

n-Butyric acid 



15.0 

13.3 

6.0 

8.9 

CkH.0, 

CiH 10 O 2 

Isobutyric acid. . 



1.360 

1.220 

1.486 

Isovaleric acid 



Ethyl acetate. . 




Table 13. — ( Continued ) 


Formula 

| Vapor 

I Eo 

! £- 

mm 

S, 

Lit. 

C 4 H ioOj 

Methvl n-butyrate 



1 .3:34 

5.3 

(58) 

C5 H ioOj 

Methyl isobutvrate 

* 9/ 



1.347 

5 2 

(58) 

CsHioOj 

Ethyl propionate 



1.414 

7.8 

(58) 

C 6 Hio0 2 

n-Propvl acetate 



1 .310 

5.0 

(58) 


* For HiO, So » 7.0, 8- - 4.15 t For HtO, So - 6 (»). t For C.H., 


ions of unknown sign, S — 4.3 ( l 1 •). 


EFFECTIVE SECTIONAL AREA OF MOLECULES* (U 2, u, 

12, 13, 14, 15, 16, 1 7, 48, 54, 64, 65, 66, 93, 95, 1 1 3, 1 1 4, 1 1 5, 1 16, 

117, 1 19, 121, 1 30, 161, 162) 


When a beam of electrons passes through a gas, the number (n,) 
of electrons remaining in the beam after it has gone a distance x is 
given by the equation, n x = n 0 e~ qju , where p is the pressure of the 
gas. If the cross-sectional area of an electron is negligible as com- 
pared with that of a molecule, and if the velocities of the molecules 
are negligible, as compared with that of the electron, then qp 
will be the sum of the cross-sectional areas of all the molecules in a 
unit volume. By definition the mean free path of an electron, 
L e is defined as 1 /qp. If the effective cross-sectional area of a 
molecule for an encounter with another molecule were the same as 
that for an encounter with an electron, then we would have L e = 
4\/2 L, where L is the mean free path of the molecule in the gas.f 
It is found that qp varies with the velocity of the electrons and that 
1 /qp or L e is not equal to 4\/2 L. (It should be noticed that L. 
is not the same quantity as that denoted by l in Table 11.) The 
absorbing cross-section of all the molecules in a unit volume of gas 
at the temperature t and at unit pressure is q. The effective 
radius, r, of the absorbing cross-section of a single molecule is given 
by the equation t r 2 = q/N lf where N t is the number of molecules 
per unit volume at the temperature t and at unit pressure. For 
electrons with high velocities (/3-rays), q has such a value that r 
is of the same order of magnitude as the radius of the nucleus, as 
deduced from the scattering of a-particles. In actual measure- 
ments, the beam of electrons must have a finite width, and, con- 
sequently, those electrons that have been deviated from their 
initial path by less than a certain amount, determined by the 
apparatus used, are not eliminated from the beam. This source 


of error makes the computed value of q too small, and causes the 
results of different observers to differ slightly. In most cases, the 
deviation of an observer’s separate determinations from the mean 
curve representing all his values is less than 10%°. 


Molecule 

Figures 

A 

10 

Cd 

14 

m 

CO 

12 

CO, 

13 

h 2 

11 

He 

11 

Hg 

14 

Molecule 

Figures 

' ■ X n rv 11 a A 

Kr 

10 

N a 

12 

n . 

NO 

13 

- J _ 

N 2 0 

13 

Ne 

10 

o 2 

13 

Xe 

10 

Zn 

14 


t In figures, short line followed by symbol for gas on axis of ordinates 
indicates gas kinetic value, 4y/2 L. 
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and volts (F), for slow electrons only, is H mr* - eF, err " 0.695 X 
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+ idz. 


n 


This action includes ionization by impact of electrons, of 

positively charged residues, and of o-particles, by electromagnetic 

radiation and by chemical action. Data for the conductivity of 

flames, for ionization potentials, and for photoelectric thresholds 

are given elsewhere; consult p. 156, 69 and 67, respectively. 

The following symbols will be used: 

c velocity of lig*ht in vacuum. 

% 

C Coefficient of ionization; n = Cp/T. 

C t Ci/Cj for the same ionizing radiation (corpuscular or 

electromagnetic) = coefficient of relative molecular 
ionization of gas (1) with reference to gas (2). 

Ei Energy expended in producing one pair of ions. 

E\ Kinetic energy possessed by the charged particle at 

the beginning of its ionizing career, 
e Electronic charge. 

"i a/p\ H *= /3/p. 

So" " ,di; - fo ' 

Number of encounters of an electron [a 4* ion] per cm 
of its path; the superior “[ + ] may be omitted where 
convenient. 

Number of ions produced per sec in 1 cm* of a thin 
layer of gas at pressure p and absolute temperature 

T. 

Pressure of the gas being ionized. 

Pressure at which or is a maximum for a given X. 
Potential difference required to confer the energy E 
upon a charge = e; eV, = E lf eV< = E it etc. 
Velocity of the ionizing particle. 

Intensity of the applied electric field. 

Number of pairs of ions produced per cm of path by 
each electron [each + ionj. 

X Wave-length of the exciting radiation. 

If the density of the gas remains constant, a, 0 and the number 
of ions produced per sec by a given electromagnetic radiation are 
all independent of the temperature ( 10 > H» H» 32, 33, 44 ) • tested 
( 10 ) from —180 to -j-1600°C. If the velocity of the particles 
arises solely from X, then, for a fciven temperature and gas, a/p 
and /3/p depend solely upon X/p (« 3 > 6 s, 66, 67, 69) # If X is so 
grfcat that the effects of thermal agitation may be neglected, 
a 33 Np*- N ' Vt / x 3 ) • hence (ow.), c*n*t. = Np and (qw.)x coo*. 
occurs when p(«p») =» X/NVi or X/ju = NV<] the value of N 

is determined from that of ( a V 

For expressions for the total current resulting from ionization by 
both electrons and positive residues, see ( 3 , 63) • f or ionization of 
mixed gases, see f 0 r theory, see Bohr ( 5 » 6 ) and Fowler 

(**» *•). 

Table 1. — Ionization of Air by Electrons: Variation with 

Velocity ( 4 , is, 16, 27, 71) 

V, = 6.08a X 10‘ | - 1 j volt. For V t < 4000 

volt, v/c has been computed from observed value of Vi by means 
of the approximate relation v/c = O.OOlOSSV^Vi, V\ being 
expressed in volts; the corresponding expression for E\ is E\ * 
1.592 Vi X lO"* 1 *. Unit of a = 1 per om; of p = 1 mm of Hg; of 
Vi =* 1 volt: Vi = A X 10*. 


V 

P* 

V 

v 

X 

<*Idl 


A 

n 

lOOr/c 

a/p 

1 A 

n 

| 100t>/c 

a/p 



100 

0.054 

4.63 

4 

40 

mm 

1.12 

6 

95 

0.063 

2.45 

4 

30 

MM 

6,57 

5* 

90 ’ 

0.073 

1.63 

4 

24 

■M 

3.39 

5 


0.09a 

1.05 

4 

20 

1.04 

2.03 

5 

70 

0.12s 

9.42 

3 

19 

1.14 

1.27 

5 

60 . 

0.17s 

8.43 

3 

18 

1.25 

7.86 

4 

50 

0.24s 

7.50 

3 

17 

1.38 


Table 1. 


A 

n 

lOOv/c 

1 a/P 

!l A 

Ej 

1 100t>/c 

1 <*/p 

6.63 

3 

16 

1.50 

7.00 

2 

5.246 

6.19 

5.82 

3 

15 

L.68 

6.00 

2 

4.857 

5.43 

4.77 

3 

13.6 

2.0i 

4.94 

2 

4.407 

6.43 

2.225 

3 

9 . 353 

3.46 

3.97 • 

2 

3.95i 

7.84 

1.808 

3 

8.432 

4.98 

3.72 

2. 

3.82s 

9.18 

1.500 | 

3 

7.680 

6 96 

3.47 

2 

8.694 

9.36 

1.400 

3 

7.420 

7.85 

2.95 

2 

3.40o 

9.12 

1.200 

3 

6.869 

10.32 

2.47 

2 

. 3.116 

13.8 

1.105 

3 

6.601 

12.04 

1.98 

2 

2.79o 

14.6 

1.050 

3 

6.425 

12.85 

1.56 

2 

2.47? 

23.6 

9.92 

2 

6.246 

13.82 

1.22 

2 

•2.19o 

37.8 

9.85 

2 

6.22s 

13.91 

8.4 

1 

1.82 

51.4 

9.72 

2 

6.183 

13.69 

4.7 

1 

1.36 

95.0 

9,52 

2 

6.118 

13.50 

4.1 

1 

1.27 

111.2 

9.05 

2 

5.96s 

12.36 

3.5 

1 

1.17 

108.2 

8.90 

2 

5.916 

10.14 

2.8 

1 

r.os 

82.7 

8.00 

2 

5.609 

6.72 

1.8 

1 

0.84i 

51.2 


• This value (* 
between v/c — 0. 


®) seems to 
20 and v/c 


be much 
- 0.30. 


too small; it ia the only value available 


Table 2. — Ionization of Gases by Electrons: Variation with 

Velocity ( 34 ) 

For air, v > 0.025c, see Table 1. (v is computed from Einstein's 

formula, m<)C*( ~r - ■ ~ / ~ = - 1^ = Vi«.) Unit of Vi * l volt; 

\V1 - (t>/c)> / 

of a « 1 per cm; of p = 1 mm of Hg. Error ^4%. 

CO* 



• lease (*•). t Corresponds to V\ midway t>etween bracketed line® 

fill f ound A .1 A 
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Taulk 3. Relative Moleculab Ionization of Gases by 

/3-Rays from Various Substances 

1hr ® n/rw « CrpTi/poT ; n*, p a , T a refer to air; p a = 760 mm Hg; 
values of C r 

Oaa 1 U.X (?T, 3«) | Ra (90) | Ac ( 37,Hj~ 

*** LOO LOO l.oo 

0 165* # 0.157 0.159 

... 1.17 1.21 

2.31 


Table 5. 


760 mm Hg; 

Ac (37, 38 f 

1.00 

0.159 


2^? U.X (37, 38)1 Ra (60) [Ac(37 t 

*** loo Too iToo 

* 0.165* # 0.15? 0.15 

°*t 1.17 1.21 

80# • 2. 25 2 . 31 

N^>f... 1 55 

NHjf I o.89 

°°it 1.60* 1.57 

G®* 6 28 5.83 

CSi 3.62 

£ |Nl 1.86 

vHCl* 4.94 4.89 | 

CH,Br 3.73 

CHO I f" 518 534 

1.69 

CiH«Ot 2.12 

CjH*Cl 3.24 3S 

4.39 4 28 

C*H..|| 4.55 

C,H »* 1 3.95 

°' 1S! ^ 1M: iUumi “ tin * gM <«>% H,), 0 *3, 

t Acetaldehyde. U Pentane, 
i Ethyl ether. ^ Bensene. 


5.34 


4.43 

3.33 

4.28 


Tabu; 4.— Total Number (/) or Pairs or Ions Produced 

Electron in Field of Zero Intensity 

1 “ Jo * 4r > whcre * 3 a /p- If 0.6 < 100t’/c < 2.8, ; = c, 

(V ~ c t ); e, is not F„ c/. Table 7. Unit of a - 1 per cm - of 
V P 0 - 1 mm ° f ** ? «d * » 1 volt; of / = 1000; of T per 


BY AN 


Air: various ft-ra vs 

ftayg | a/p I / 

Ac " C " 0.174 10 

Th * C,/ 0.174 17 


Lit, 

(*«) 

(* 4 ) 


Ra " B 0.171 3.7 (24) 


0.138 7.7 (24) 

12 ( ,8 ) 

0.088 3.3 (24) 

0 OOQ 11 a (24) 


Slow electrons ( 3 *) 

Gas | ci | c % 

H« 0.0258 lT 

He 0.0244 20 

N* 0.0276 12 

O* 0.0275 11 


u-x.... 


Table 5.-4okizatio N of Gases by Accelerated Electrons- 

Variation with Intensity (X) of Field 
or lonuation and conductivity of mixed gases, see (3). For 

certain gaona ? * XA6 

. . p a \p ~ y , where Xi is weakest field in which 

P -Tmm ofT (3 r ); * </? = ~ NV “ Unit of * - 1 volt/cm; of 
£ — m of Hg; of a - 1 per cm. 


X/p 

600" 

500 

400 

300 

200 

100 

70 

60 


A 

9.2 

8.5 

7.5 

6.2 
4.4 
2.0 


H, 


<*/p 

H, 


He 


He 


0.62 

0.43 


3.7 

3.3 

2.62 

1.36 

0.76 

0.59 


2.37 

1.98 

1.65 

1.50 


X/p 

60 

40 

30 

25 

22.5 

20 

15 

10 

5 

Lit. 

— | ... m 
X/p 

T500 

1200 

1000 

900 

800 

700 

600 

500 

400 

300 

200 

100 

70 

60 

50 

40 

Lit. 


( Continued ) 

a/p 


A 

0.58 


H a * 

0.27 

0.14 

0.04 

0.015 

0.006 


0.36 
0.21 
0 . 08 


He 

1.31 

1.10 

0.86 


He 

1.20 

1.00 

0.77 


0.05 


(25, 63) (3) 


N, 


HsO 


7.0 

6.2 

5.2 
3.95 
2 3 

4.2 


9.7 

9.4 
9.0 

8.5 
7.95 

7.2 
6.35 

5.2 

3.6 
1.31 


( 63 ) 

a/p 

HC1 
17 5 

15.4 

14.0 

13.0 
11.9 

10.5 
8.9 
6.8 
4.1 
1.21 


0.57 

0.42- 

0.28 

0.12 

(*•) 


0.40 


0.12 


( 63 ) 


CO,f I Air| 


( 63 ) 


(6J) 


( 63 ) 


13 7 

12.6 

11.0 

10.2 

9.1 

7.8 
6.4 

4.8 

2.8 
0.82 
0.27 
0.17 
0 . 079 
0 . 020 

(3, 


* a ~ 26fi 7 x 1(r< - 6 10 1 615 - Xi/P - 200; if 200 £ x/p <. 685 ITT 

ta - 402.0 X 10 «, b - 1.515. Xi/p - 356; if 356 ^ X/p £ 755 (3) 

ta - lu0.4 X 10 •, 6 = 1.015. Xi/p - 400; if 400 £,X/p <. 725 (3). 

Table 6— Ionization of He by accelerated Electrons: 

Variation with Pressure, Field Constant 

a is a maximum when p n = A/16; compare with Table 7 where 
value for N F, indicates a prqpsure less than half as great. Unit of 
A ° 1 volt/cm; of p = 1 mm of Hg; of q » l p!e r cm. 

X = 120 (69) 1 ™ f 66 1 


10.5 

9.3 

8.7 

7.9 

7.0 

5.82 

4 V 4 

2.6 

0,72 

0.17 

0.078 

0.029 

7 3 » 63 » 

6 a 68) 


X = 50 (66) 


3.05 

19 

• m 

0.160 

' * if 

6.3 

1.37 

i f i 

10.5 

“/p i 

0.130 

3.46 

10 

0.346 

12.0 

1.22 

10.0 

0.122 

3.57 

6 

0.595 

20.0 

1.56 

3.13 

0.498 

3.37 

4 

0.842 

30.0 




x/p 

4.75 

5 

16 


Table 7.-Energy (E<) Expended by Electrons in Ionizing 

a Molecule: Various Gases 

Ei = e Vi ; Np = number of collisions per unit length of path 
of electron ** maximum value of a for given p; NVi = X/p 
where p m is the pressure at which a is a maximum for a given X. 
Unit of F t = 1 volt; of Np = 1 per cm; of p = l mm 0 f ij g 


Gas 


Air 


A. 

H a 


1.35 


He 


Vi 

25 

27.1 

10 . 21 * 

17.3 
26.0 
27.8 

9.66* 

12.3 


N 

14.6 

12.6 

13.6 

5.0 

5.5 

2.8 


NVj 

365 

341 

235 

130 

153 

34. 4 f 


Lit. 

7«y 

( 51 ) 

( 3 )‘ 

( 63 ) 

( 63 ) 

( 51 ) 

( 3 ) 

(63) 
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Table 7. — ( Continued ) 


Gas | 

Vi | 

* 

N 

NVi 

Lit. 

He. — ( Continued ) 

14.5 

2.4 

34. 8 f 

(63) 

N, 

27 6 

12.4 

342 

(63) 


27.9 

12.4 

346 

(51) 

o, 

23 9 

11.2 

268 

(51) 

HjO 

22.4 

12.9 

289 

(63) 

HCl 

16.5 

22.2 

366 

(63) 

CO, 

23 3 

20.0 

466 

(63) 


23.5 

16.2 

381 

(51) 

• 

6 . 21 * 

•we * « 



(*) 


t This exceeds twice the value of X / p « given in Table C. 

Tabled. Ionization of Air by a-P articles^ Variation with 

Velocity 

No appreciable ionization is produced by an ^-particle unless 
v > 0.025c ( 53 » 55 ). If, at a distance x from its source, an a- 
particle of range R , in the gas considered, produces pdx pairs of 
ions in a length of path = dx , then, quite roughly, 0 = a HR - X )H 
and v/c = b(R - x)H ( 22 ) - f or air, a = 4.50 X 10 4 cm - ** ( 23 ) f 
b =» 0.0342 cm"^ (Vol. I, p. 362). For values of R and a, (initial 
velocity), see Vol. I, p. 362, 363. For a-particles from Ra-C' i 
air at 12°C and 1 atm., 0 varies as follows ( 21 ); 

x 

0 /1000 

The total number of ions produced is / = dx = KR ** 

where K = 1.50a; for air, K = 6.76 X 10 4 cm - ** ( 22 ). Unit of 
/ =■ 1000. . Gas is air. 


in 


1 

2 

3 

4 

5 

0 

6 . 5 ± 

22 5 

23 

24 

28 

36 

55 

76 


7 ± cm 
40 cm " 1 


Soiree 

U, 

Th 

Un 

Io 

Ra 

Pa 

Ra-F* 

Rd-Th .... 

Rn 

Th-X 

A c-X 

* 7-158 (*). 


1 100p,/c ! 

/ 

1 Source 

100 t?,/c 

4 56 

133 

Rd-Ac 

5 59 

4 69 

137 

Ra-A 

5 65 

4.79 

143 

Th-C 

5 72 

4.85 

146 

Tn 

5 74 

5.00 

152 

Ac-C 

5.89 

6.10 

160 

Th-A 

6.00 

5 23 

167 

An 

6.00 

5 27 

169 

Ac-A 

6.27 

5.40 

171 

Ra-C' 

6.41 

5.46 

177 

Th-C'. . . 

6.88 

6 50 

178- 



187 

187 

189 

195 

205 

209 

211 

228 

237 

274 


Table 9.— Relative Molecular and Total (7 r ) Ionization 
of Gases by gc-Particles from Radium and Polonium 
rtf s n/rto «= C r pT a /p a T ; n a , p a , T a refer to air. Vi 

ionization of air, see .Table 8 


0.0500c; for 


Gas 



Gas 


Ra 


Air. . 
A. . . 

Br.. 
H,.. 
He. . 
Kr. 

N, . . 
Ne.*. 

O, .. 
Xe.. 
HC1 
HBr 

HI.. 

80,. 

NO 


1.00 
1.24 
3 90 
0.23 
0.22 

0.94J 

1.14 


1.00 


0.99 


2 02 
1.28 


0.96 

1.13 

1.20 

1.29 

1.291 

1.03 


1 00 
1.38 

1.07 
1.26 
1.53 
0.98 
1.28 

1.08 
1.68 


Cr' Ur* 


Po 


Ir t 


N ,0 . . . 

NH,... 

CO... 

co 2 . . . . 

CC 1 4 .... 

CS,. . . . 
C,N«. . . 
CHC1,. 
CHjBr. 
CHjI. . . 
CH 4 ... 
CH 4 0. . 
C 2 H 2 ... 

CiH 4 ... 

C,H 4 0|| 


1.53 
0.81 
1.00 
1.55 
5 30 
2.99 
1,93 
4.085 
2 75 
3.435 
1.06 
1.74 
1.40 
1.65 
2.14 


1 02 
0.90 
1 02 
1.02 

1 .32 
1.38 

1.29 
1 32 

1.33 
1 18 
1.22 
1.26 
1.22 
1.05 


Table 9. — ( Continued ) 



C 2 H 5 CI 
CjH J. 

C:H«. . 
C 2 HoO|| 

c,h 9 


3 10 
4.00 
2.02 
2.46 
3 05 



C«Hu||... *..... 

4.02 


C 4 H I 0 O|| 

4.40 

1.33 

C,H I3 || 

4.85 

1.35 

C.H.II 

4.30 

1.29 

•*>. t From (*•» 

«). 



5 Strutt (•<>) finds 4.44 for CHCL and 3.51 for CH»I. 

U c *H.O - acetaldehyde, C»H«0 - ethyl alcohol, C«Hi# - butane, C«Hi*0 - 
ethyl ether, C*Hi, = pentane, C»H« — bentene. 

Table. 10. — Ionization of Gases by Accelerated Positiyi 
Residues: Variation with Intensity (X) of Fielj) 

The ionization is produced by the positive residues which, fcsult 
from ionizing the gas by impact of electrons. Unit of X =** 1 volt/ 


x/p 

1000/p 

.A 

H, 

He 

Air 

610 

24 5 




600 

21.5 



10.0 

520 

14.9 



6.4 

500 

13.8 



5.6 

4.50 

11.6 



3.8 

400 

9.5 



2.3 

3.50 

7.0 

33 0 


1.4 

300 

5.3 

26 4 


0 62 

250 

3.8 

17.8 


0 28 

200 

2.0 

8.2 

16.5 

0.20 

180 

1.4 

5.9 

13.9 

0.18 

160 

0 85 

4.1 

113 

0.12 

140 

0 50 

2.6 

9 0 

0.10 

120 

0 40 

1.60 

7.0 


100 

0.30 

1 03 

5.4 


80 

0.20 

0 64 

4.0 


50 

0 10 

0 20 

2.0 


30 



1.0 

. 

Lit. 

,( 25 ) 

(64, 68 j 

(26) 

(25, 63, 64, 
68) 


Table 11. — Atomic Ionization Relative to Air 

If C r = coefficient of molecular ionization of the gaseous com- 
pound F/G 0 Hk relative to air, and E r =- EJEia, where Eu m vft * ue 
of E{ for air, then, in many cases, quite approximately Cr 
fc/ + gc 0 + hek and E f = fe f + ge a + he K} where t /, c„ a 
«/, e a , e K are numbers characteristic of the several constituen 
species of atoms. The c's are called the atomic ionization relative 


and 


Atom 

• a • 

a-particles; Ra 

9 

0 -rays; 

U-X 

1 « 

c 

c 

Br 

0.685 

1.72 

2.67? 

C 

0.894 

0.51 

0 46 

Cl 

0.676 

1.16 

1.44 

H 

0.754 

0.17s 

0.18 


1 . 1 4 f 

O.llef 


I 

0.658 

2.26 

4.10 

N 

Vi 

1.05 

0 47 

0.475 

All 

o 

0 962 

0.55 

0.58 

s 

• 

0.603 

1.24 1 

1.60 

Lit. 

HUM 

msm 

( jj ) i 


Y-rays 



4.50 
0.45 
1.82 
0 58 
160 

(* 7 ) 


10.88 
0.41 
2 56 
0 57 
U48 

( #7 )_ 


• Secondary rays from Z*i. f Pure atomic H. 
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Table 12. — Relative Molecular Ionization of Gases by y-Rays and X-Rays 

See also Table 13. n r s n/n a = C r pT a /p a T\ n a , pa, T a refer to air. E r = (Ei) €ha /(Ei) mt , lhy \ hCeUt9 . R at>0 = relative amount 

of secondary radiation emitted by the gas. Soft X-rays are those stopped by 0.3 mm Pb; hard X-rays are those which pass through 0.3 
mm Pb ( 45 ). 



Gas 


Air 

Hi. 


O, 


SO, 5 


H,S. 

n 2 o 

NHi. 

co,§ 


CC1 4 


cs, 


CHjBr 
CH,I. . 


C,N, 

C 2 H 5 

C,H 4 0 ... 

CjHftBr. . 

CiHiCl... 
C,HJ... 
CjHe0j r . 
C 4 Hi 0 O r . 
C k H„f . . . 
Hg(CHj), 
Ni(CO)«§ 


Primary 

Secondary 

• 

C r 

Ra 

Ra 

Ra 

C 

Pb 

Zn 

Hard 

Soft 

1.00 

1.00 

1.00 

1.00 

' 1.00 

1 00 

1.00 

1.00 

0.16o 

0.19 

0. 16o 

0.084 

0 139 

0.088 

0. 177* 

' 0.105* 








0.1l4f 







0.18 


1.17 


1.16 

1.18 

1.07 

111 

1.17* 

1.30* 








1.39J 

2 13 


2.27 

2.49 


2.17 

4.79* 

11.05* 







2.3|| 

7.97|| 


1.23 









1.55 



1 34 


1.47 



0.90 

0.92 

0.914 




1 53 


1.58 

1.58 

1.55 

1.53 

1.49 

1.57 







1.33* 

1.46* 








1 . 60 1 







1.33* 


5.67 

5.6 

6.33 

6.00 

6.16 

6.35 

71.0 

67.3 








45. 3f 



3.66 

3.43 

3.31 

3.40 



4.88 

4.8 

4.93 

5.08 


5.20 


31 9f 



3.81 

6.47 

5.83 

6.15 


7i.o : 

4.80 

5.2 

5 37 

15.19 

10.36 

12.07 

125 

145 

1.71 







72f 




1.24 


1.20 





2.17 



2 16 





4.63 

6.30 


6.05 

118 

72 5 



3 19 



3.39 

17.3 

18.0 



6.47 

15.60 


12.46 









3.90 

4.95 



4.29 

4 35 

4.34 

4.29 





4 53 


4.17 

4.36 










425 



5 98 



6 00 

97 

89 

(«°) i 

( 17 ) | 

(*) | 

( 8 ) 

( 8 ) 

(•) 

All ( 




1.00 


0.12 


4.10 


1.53 


1.54* 

8.6 


41.5 


3.2 


2.72 


8.1 


E r 


Hard 


0.7 


1.0 


0.7 

1.00 

1.00 


1.1 


Soft 


0.89 


0.52 


0.86 
0 61 

1.00 


0.69 

0.57 


( ) t ( °>. X (*•). |[ ( IT ). 1 See also Table 13. ^ CjH«0 1 ■=» methyl acetate, CiHuO « ethyl 




ether, C»Hu ** pentane. 


Jable 13. Relative Molecular and Total (7 r ) Ionization 

of Gases by Secondary X-Rays 

Se€ aUo Table ,2 * - n/n. = C,pT a /p a T ; n fl , p a , T a refer to air. 

Unit of p = 1 mm of Hg 

Gas 


Ag 

A8 

Cu 

Fe. 

I 


Ni 

8e 

Sn 

Sr, 


Lit 


C0 2 


S0 2 


SeH 


Radiator 

Cr 

Ir ’ 

C r 

Ir 

• — 

Ir 






231 


1.510 

0.91 

11.73 

1.22 



1 . 552 

0.89 

11.84 

1.08 

29 2 

l 1 1 i 

1.581 

0.90 

11.34 

1.07 

30.3 

| 





286 

f , , . 

1.541 

0.92 

11.45 

1.00 

190 


1.546 

0.88 

11.57 

1.25 



1.533 

0.86 

11.76 

1.11 

30.6 

f i • 





250 

• « , , , 

1.527 

0 94 

11.81 

1.04 

122 


1 538 

0 91 

11 52 

1.18 



( 49 ) 

( 49 ) 

<« 9 ) i 

( 49 ) 

( l ) 


1 able 14. Energy (£») Expended in Ionizing Gases 

For X-ravs, KulenkampfT (41) finds * ( 5 M ± 0 79) x 

10 11 erg per ion-pair and independent of wave-length (A) if 0.56 

< A < 2 A. At shorter wave-lengths others find Ei =* ge^; for 

air a = 2.2 X I0~i° erg per ion-pair, b =» 5.08 A* 1 . In the table, 

* observed value from which F» is computed by relation 

f/ * cVi \ Uuit of * " 1 A; of Ei = 10“» erg per ion-pair: of 
y < = l volt. 


Ei Vi 


(1) X-rays; air 


Lit. 


0.56 
0 397 
0.333 
0 325 


1.25 
2 97* 
3.54* 
4.33 


7.86 

18.6 

22,2 

27.2 


( 7 ) 

( 29 , 40 ) 
( 29 , 40 ) 

( 7 ) 



0.27515.37 


0.205 

0.166 


7.57* 

9.57* 


33.7 

47.5 

60.1 


( 29 , 40 ) 
( 29 , 40 ) 
( 29 * 40 ) 


* Published id arbitrary unit, and here reduced to baaia of othen by dividing 
by the empirical factor 3.50 X 10" 11 . ™ 
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Table 14. — ( Continued ) 
(2 ) a- rays from Po ( 30 ) 


Gas 

! Ei 

• \ / 

Vi 1 1 Gas 

E, | 

Vi 

A 

3.8 

24 

N, 


QQ 

H 2 

4.9 

3! 

Ne 

\J . L. O 

4 1 9 

oo 

or; 0 

He 

4.17 

26 2 

Oi 

x \ L 

A Q a 


Kr 

3 43 

21 5 

Xe...: ; 

* • O v) 

3 12 

OKI . o 

19 6 


Table 15.— Ionization of Gases Mixed with Vapor of P (59) 

The gas is in equilibrium with a liquid containing P. For 
column “A ” the liquid is almond oil; for “IT” it is II 2 0. See also 

( 28 , 31 , 47 . 58 ) 


Air 

H,. 

O,. 


Relative ionizations 


Gas 


1 V 


Gas 


W 


1.0 
48 2 
5 5 


1.0 

15.3 

2 9 


CO, 

N,0 


59 6 28.7 

22.1 


• For air. the ionization over W is 2.10 tin.ee that over A ; thie ratio probably 

depends upon the relative amounts of P and upon its state of dispersion in the 
two liquids. 
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ELECTRICAL RESISTANCE OF ELEMENTARY SUBSTANCES AT TEMPERATURES 

— 80°C* 

H. Kamerlingh Onnes and "W. Tuyn 


Contents 

Resistance of pure elementary 
substances at various temper- 
atures below — 80°C. 

Resistance of j three platinum 
wires between —HO and 

— 270°C. 

Effect of impurities, heat treat- 
ment, tension, compression, 
etc. 

(For symbols which are not here 
defined, see Vol. I, p. 16.) 


Matures 

Resistance des substances £l£- 
mentaires pures & des tem- 
peratures varites inferieures 
i\ — 80°C. 

Resistance de trois fils de 
pi a tine entre -80 et 

— 270°C. 

Effet des irnpurete8, traitement 
therinique, tension, compres- 
sion, etc. 

(Pour les symboles qui ne sont 
pas expliques ici, voir Vol. I, 
P- 18.) 

As it is impracticable to determine the volume resistivity at very- 
low temperatures, merely the ratio of the resistance of a given 
specimen at a given temperature 'to the resistance of the same 
specimen at 0°C is given ; except (hat in a few cases the actual 
resistance of the specimen at each of a series of low temperatures 
IS given, instead of its ratio. Extremely low temperatures are 
occasionally expressed in terms of the pressure of saturated helium 
vapor at the same temperatures; this is especially convenient for 
those ca3cs in which a small change in temperature is accompanied 
by a great change in the resistance. 

If the resistances of a number of impure specimens (1,2, 

n * * ‘ \ 8ame metal, all of the same dimensions at 0°C, 

are measured at a series of temperatures, and if the observations 
are plotted in rectangular coordinates (/?„, vs. t) and are connected 

CUrve9 ’ a curve for ever y specimen, then it is found 
( ) that these curves differ, roughly, solely by a displacement 

* Published in somewhat greater detail in (Hi). 
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— 270°C 

Effetto delle impurezze, 
trattamento termico, 
tensione, compressione, 


130 


ecc 


131 


(Per i simboli che non sono 
qui definiti, vedi Vol. I, 

p. 16.) 


parallel to the axis of /?, and that the purer the specimen the more 
nearly does its resistance approach zero as t approaches t 0 
absolute zero. The composite curve obtained by displacing 
curves parallel to the axis of R until they all pass through the poin 
R = 0 at the absolute zero is called the curve corresponding to a 
specimen of the metal of “ideal” purity and condition, and of t 
same dimensions at 0°C as the actual specimens. If the re9 ‘ sta ?^ 3 
corresponding to the points upon this “ideal” curve be denoted y 
Ru and if p„x n is the displacement which makes the curve corre- 
sponding to specimen n coincide with the “ideal” curve, then 

Rn n t = Rit -f- p»£t» 

If x n is the percentage of admixed impurity, p« has a large value 
which, over a certain temperature range, is independent of t, u 
deponds upon the nature and the amount of the impurity, an 
upon the state, or condition, of the specimen ( ,33 ). . 

Expressions which are independent of the actual dimensions o^ 
the specimens may be obtained by dividing each equation by f 
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resistance of the specimen at 0°C. Doing this, writing p n x n for 

P*Xm/R' m o, and^ remembering that R i0 /Rx a o * 1 - p n x n we find 
(17,18) 

ft,.. Jfc. (1 " PA) + 

and 

2 \ 





ft«,A /. 

1 - ** V *W ' \ R*io) 


where a is independent of t. This is Nemst’s rule (»<>6, 108 ) 
The exactness with which it represents the observations depends 
upon the value of o; between 0 and -200°C departures may 
amount to those corresponding to errors of 0.05 to 0.20°C in the 
temperature ( 88 > 146, 14 7) For temperatures above -208°C for 

Au and above — 216°C for Pt, a closer approximation, to at least 
0.02°C (* 7 i l®), is given ( 62 » fl 3, 64, 65) by 


M 



R* t , 


1 Rzj 

Si" 1 ] 

+ N 

Rz t o 1 


Various expressions, several of which are based upon the quan- 
tum theory, have been proposed for the variation of the resistance 
with the temperature.. Only one or two examples can be given 
here. For monatomic metals at low temperatures, Griineisen 

(48, 44, 48) finda that quite closely ft <r Tc* or R * T- p f(T/0) } 

and at intermediate temperatures R <x T{ 1 -f- a] T + a«T 2 \ f{T/ 0 r ) 

a ’ T * Cpi And Cv haVC their U8Ual "feaificance (Vol. I, p. 16), 
and B and 0 r are temperatures characteristic of the substance! 
tttner examples will be found in (* 2 , so, 6i, se, ioe. 112 , 163 ^. 
see also (HI). '' 

U M 18 the molecular weight of a substance,, the volume of M 
grams of the substance may be called its gram-molecular volume, 
and the length of one edge and the area of one face of a cube having 
a volume equal to its gram-molecular volume may be called its 
gram-molecular length and its gram-molecular area, respectively, 
lalcewise, the resiatance between opposite faces of a cube con- 
tarning one gram-molecular volume of the substance may be 
called ,ts gram-molecular resistivity; and, if uniformly distributed 
er the area, the amount of current which passes normally through 
aplane section of one gram-molecular area may be called the 

r a n,r° a a r rf r density 0f the current - Gram-atomic 
quantities are defined in a similar manner. 

t m n°M n < ‘ lements havin g the same constellation outer elec- 
™\ the ^ am * atomic conductivity seems to be the same at those 
crap^tive temperatures for which T/ 0 , has a given value (=, 38 , 

fraction nf 0T ^ , EpStem clalra8 ’ at those which are the same 

tWt for . f 80 6 meU,ng P ° lnt8 ( ,8 )- Gassel («•) claims 

___ t ^ e k mel)ts a IQOre nearly correct statement is: The 

^t/cm °Zw Hl aCe n en f y ° f the Curreot for a 8 ra dient of 1 
ShZ i C 8 the atom ic'currem strength) is the same 

those respective temperatures for which T,% has a given value. 

At temperatures below -192°C, the order of the curves of 

ra. t agrees with that of the values of h v/k, where „ is a 

reqwmiy calculated from the specific heats of the elements 

for complete bibliography, arranged by elements, see p. 134. 

Tablb 1.— Electrical Resistance of Elementary Substances 

at Temperatures below — 80°C 

at 0°C ° Z re8 “. tance (not resistivity) of the specimen at t, C, 

are actual i^lTT'TV* W ‘ re ’ * = current - Italicized numbers 
Polation t = *° ob8ervatlons ' others are obtained by inter- 

for footnotlTr^ temperatu,< =< “Cl every t is negative, 
w iootnotes to table, see p. 130. 


Ag (22, 133) 

Au. — ( 

~t 

100ft/ft 0 

-t 

80 

67.8 

170 

100 

59.6 

172 

103.81 

68 . 087 

174 

120 

51.4 

176 • 

139.87 

43 . 282 

178 

140 

43.2 

180 

160 

34.8 

182 

180 

26.3 

183.96 

183.57 

24.679 

184 

196.17 

19.703 

186 

200 

17.6 

188 

204-67 

15.628 

190 

220 

9.2 

192 

240 

2.6 

194 

252 . 92 

0.8913 

196.88 

1 259.22 

0 . 6942 

196 

Second sample ( 13s ) 

198 

270.3 

No*f 

200 

A1 (78 

, 79, 83) 

202 

78.3 

64.80 

204 

80 

64.1 

205.31 

100 

55.2 

206 

120 

46.4 

208 

140 

37.7 

208.18 

160 

28.9 

210 

180 

20.2 

212 

191 .9 

14-85 

214 

192.9 

1449 

216 

200 

12.0 

216.26 

220 

7.1 

218 

240 

4.9 

220 

253 

4.27 

221 

Second sample 

222 

(157, 

, 160) 

222 . 78 

271.68 

S <5 A 

223 



224 

Aut (* 4 » 17, 18 ); sec 

225 

Fig. 1 

226 

80 

68 . 406 

227 

84 97 

66.443 

228 

90 

64 456 

228 . 73 

100 

60 . 506 

229 

102.22 

69 . 628 

230 

105 

58.531 

231 

110 

56.552 

232 

115 

54 . 572 

233 

120 

52.592 

233 . 62 

125 

50.607 

234 

127 

49.813 

235 • 

130 

48.619 

236 

1 130.28 

48 . 607 

236 . 80 

135 

46.625 

237 

140 

44 . 626 

238 

143 

43 424 

239 

145 

42.619 

240 

145.86 

42.273 

240 . 25 

148 

41 .410 

241 

150 

40 . 602 

242 

155 

38 578 

243 

160 

36 549 

243 . 68 

162 

35.735 

244 1 

164 

34.919 

245 

164.37 

34 ■ I 64 

245 . 80 

166 

34 . 102 ; 

246 

168 

33 . 282 : 

24 


100ft/ft 0 

32 460 

31.635 

30.807 

29.977 

29.145 

28.311 

27.475 

26 . 660 

26 . 639 

25.800 

24 . 958 

24.114 

23 . 268 

22.420 

21 . 622 

21 .571 

20 . 720 

19.867 

19.013 

18.157 

17.696 

17 300 

16.442 

16.365 

15.584 

14.728 

13.872 

13.017 

12.906 

12.163 

11.310 

10.884 

10.459 


Au.— 
-t 

248 

249 

250 

251 

252 

262.67 

253 
2.54 

255 - 
266.01 

256 

257 

258 

258 . 36 

259 

260 
261 
262 

263 

264 

265 

266 

267 

268 
268 . 88 

269 

269.67 

270 

270.84 

271 

271 .61 
Single 

(104, 


{Coni'd) 
100ft/ft 0 

1 . 558 
1 376 
1 .209 
1 056 
0.918 
0 . 846 
0.794 
0 . 685 
0.591 
0.694 
0.512 
0 447 
0.394 
0 379 
0.351 
0.317 
0 290 
0.269 
0 253 
0 . 242 
0 234 
0.229 
0.226 
0 224 
0.223 
0.223 
0.223 
0 223 
0.223 
0.223 
0 223 
crystal 

10S) 


10.130 

191 37 

23.20 

10.035 

193.14 

22.52 

9.613 

200 

19.5 1 

9.194 

220 

10.9 

8.779 

240 

3.3 

8.368 

! 252 69 

0.642 

7 962 

1 260 

0.10 

7.680 

268 . 89 

0.039 

7.561 

269 . 38 

0.038 

7.165 

271 . 48 

0.039 

6.775 


• 

6.391 



6.014 

Bi (22, 133) 

5. 80 4 

80 

71.3 

5 644 

100 

64.8 

5.282 

103.71 

63.649 

4.928 

120 

68.6 

4.667 

139.88 

52.865 

4.583 

140 

52.8 

4.247 

160 

47.3 

3.921 

164.05 

46.246 

3.605 

180 

42.1 

3 638 

182.73 

41.435 

3.300 

195.17 

38.478 

3/007 

200 

37.2 

2.727 ' 

204 . 68 

36.064 

2.653 

216.01 

33.014 

2.461 

220 

32 0 

2.210 

240 

26.7 

2.039 

263 . 01 

22 . 329 

1.974 

255 . 34 

21 . 388 

1.757 

268 . 86 

19.5,4 


u 
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Fio. 1. — Gold: Variation of R with temperature. 

Au in ( 2J * *»•* ***), Au rv (**. i>>), Au-12-1915 ( ,7 » «•), Au-11-1015 (1«. if, 
,§ h Au v ( 2a> ,,a ). Au-wire ( 104 ), Au-cryetal-lf> ( ,0 «» l0 »). The last two aro 



Fio. 2. — Cadmium : Variation of R with temperature (t) and 

Wirw extruded from KahlbaumCd; “ 1919” is from old material- 
drawn through a die contaminated with Pb. 


current (t) 
“ 1924" waa 


Bi.— (Cont’d) 

Bi. — (Cont’d) 1 

Second sample ( ,35 ) 

-t . 

100fl/ffo 

-l 

100R/R 0 

149.1 

50.5 

£68 . 84 

No* t 

157.1 

47.2 

Single crystal f l, )5 

1180 

75 4 

±80 

60.3 

96.1 

72.0 

92.1 

66.3 

100 

71.3 

100 

64.4 

120 

67.6 

120 

59 4 

1241 

66.9 

128.1 

67.1 

140 

64.0 

140 

53 5 

160 

60.4 


Bl.— (Conl’d) 

-t 

100R/R 0 

161 .1 

60.2 

( 

C 

Graphite (13s, MS) 

78 

92 

80 

92 

120 

86 

160 

77 

179 

71 

200 

61 



Cd. — (Coni' d) 


-t 

lOOR/Ro 

184 8 

28.2 

1*8.1 

27.0 

190.1 

26.3 

191.1 

26.8 

200 

22.2 

220 

14.3 

240 

6.8, 

262.67 

2.204 

262 . 7 a 

2.20? 

Co ( 80 ); Cf. 

(146 

,147) 

80 

67.4 

100 

48.2 

120 

40. o 

140 

32.8 

160 

24.8 

180 

17.4 

192 

13.5 

C* (»T) 

76 

66 . 9 

80 

63.9 

100 

56.o 

120 . 

48.« 

140 

41.0 

160 

35.6 

180 

29.5 

190 

26.4 


Cu («8, «9) 


76 

65.739 

80 

64.9 

100 

55.7 

120 

46.6 

140 

37.3 

160 

28.6 

180 

20.1 

183 

18.868 

200 

11.7 

220 

4.7 

240 

1.2 

262.8 

0.6291 

Second sample (» 37) 

272.0 

No * || 

Single crystals % 

(157, 150, 160) 

180 

19.5 

184.63 

17.49 

192.04 

1440 

199 . 98 

11.03 

200 

11.0 

206.94 

8.40 

218.09 

4.69 

220 

4.05 

240 

0.74 

262.67 

0.164 

265.07 

0.129 

266 . 63 

0.109 

268 . 77 

0.097 

~~rT(u l 

1 70, 83) 

78.1 

67.865 

80 

56 9 

100 

47.3 

120 

38.1 

140 

29.2 

160 

1 20.7 
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I 

1 

• 

1 Hg.~ 

(Cord'd) I 

-t 

lOOR/R, 

Second sample 

180 

13.1 

Figs. 4, 5 

Yes* 

192.7 

8.48 

In (is?, 

158, 159)- 

200 

6.2 

w w 

see Figs. 6 , 7 

220 

2.7 

-t 

100R/R 0 

240 

1.45 

182.79 

28 . 759 

253 

1.13 

19 4. 06 

24 . 922 

Second sample ( 1 3 7 ) 

200 

22.88 

272.0 

No*** 

202 . 07 

22 . 20 e 
19.527 

Ga ( 1 57 , 160) 

a 

209 . 98 

271.6 

No* ft 

218.30 

16.71 7 

Ge (8) 

220 

16.15 

79 

82.7s 

240 

14.5 

80 

82.3 

252 . 65 

6.739 

95 

80.3 

254 . 95 

6.173 

100 . 

8 O .3 

256 . 61 

4.796 

108 

. 

79.3 

258 . 89 

4.317 

112 

80.9 

260 

4.1 

113 

79.7 

268 . 87 

3.394 

117 ; 

80. 4 

269 . 49 

3.392 

120 

80.7 

269 . 61 

3 . 887 

140 

83.8 

269 . 67 

S.387\\\\ 

155 

160 

86.1 

89.2 

v. p. Helmut 

168 

91.8 

309.8 

3.387 

177 

96.9 

308.7 

3.385 

180 

96.5 

307.4 

2.02 

183 

98.8 

806 9 

0.67 

186 

99.3 .. 

306.0 

Yes* 

193 ■ 

106.8 

a =* 0.17mm; t = 
4.0mA 

Second sample 

(187, 

. 160) 

Ir ( 7 8 , 83J 

270.74 1 

No * ft 

78.4 

69.22 

Hgtt ( 137 ); for 

80 

68.6 

superconductivity. 

100 

60 6 

see (56, 

113, 114, 

120 

52.5 

115, 117, 

182V see 

140 

44.4 

tt 

Figs. 4 and 5 

160 

36.0 

80 

67.1 

180 

27.5 

88.17 

63.72 

191.9 

22.67 

100 

107.29 

58.8 

56.86 

K (164, 165) 

11 8-. 87 

51.31 

80 

65.8 

120 

50.9 

100 

57.7 

131.26 

46.60 

102.22 

56.88 

140 

43.4 

120 

50.1 

140.37 

43.29 

140 

42.7 

150.28 

39.82 

160 

35.6 

156.57 

37.66 

164.37 

33.87 

160 

36.4 

180 

28.4 

180 

29.6 

182.6 

27.47 

182.96 

28.51 

182.9s 

27.19 

192.17 

26.37 

200 

21.1 

200 

22.8 

200.2 

21.11 

220 

16.0 

200.96 

20.70 

240 

9.1 

216:32 

15.14 

252 . 70 

4-904 

216.75 

16. 14 

265 . 20 

4-072 

220 

13.8 

257 . 31 

3.864 

240 

6.6 

258 . 52 

2.946 

252.64 

2.708 

260 

0.245 

252.74 

2.703 

268 . 76 

0.206 

264 . 69 

2.213 

268 . 80 

0.200 

255 . 97 

1.943 

268 . 86 

0.188 

256 . 77 

1.787 

268.94 

0.176 

268 . 89 

1.434 





Fio. 6. — Indium: Variation 
of R with pressure and tem- 
perature (***» * »4). 


Fios. 4, 5. — Mercury: Variation of R 
with ourrent ( ») ( 1 1 T ) 


Li.— (Cont’d) 

-t | \OOR/R 0 

Second sample ( 138 ) 
271. 43 1 8.46 

Mg (28) 


EL. — (Cord'd) 

-t 

100 R/R 

268 . 96 

1.429 

260 

1.29 

268.9 

0.7Q2 

269.6 

0.697 

270.9 

0.695 

Li (103); cf. (52,54 

80 

62.3 

100 

53.0 

120 

44.0 

140 

35 2 

160 

26.6 

180 

18.3 

182.20 

' 17.37 

192.96 

13.06 

200 

10.4 

220 

4.4 

240 

1.2 

262 . 67 

0.78 


) 


78. S 

68.2 

80 

67.4 

100 

59.0 

120 

50.5 

140 

41.9 

160 

33.2 

180 

24.4 

182.9s 

23.0 

Mo ( 7 8 , 83) 

78.2 

66.60 

80 

65.9 

100 

57.4 

120 

48.9 

140 

40.5 

160 

32.2 

180 

24.2 

192.6 

19.11 


I Na (««*) 

~t 

1 lOOff/tf, 

80 

66.0 

100 

57.8 ' 

102.22 

56.89 

120 

49.7 

140 

41.7 

160 

33.7 

164.37 

31.94 

180 

25.7 

182.95 

24.40 

200 

17.6 

200.96 

17.04 

216.32 

10.89 

220 

9.4 

240 

3.1 

260 

0.45 

268.9 

0.381 

269.6 

0.382 

270 9 

0.382 

271 .6 

0.382 


ti Pf I 






if 

1 


I Hf I 
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2.0 

f 


1 

100 R 


% 


1.5 

— 








A P+-C-I9I4 
a Pt-23-1915 

o Pt D 


0 PN 23'- 1915 

APt-29-Rr.R. 
v Pt-35-RT.R. 
p + "ideal" 




Fiq. 8. Platinum; Variation of R with temperature. 

( ,,T * *••• *••), Pt-23-1915 (••» •*» • *# ist, !«•> (lit) pt- 
23 -1915 (•O«0>, Pt-29-P.T.R. (••. • •.Vs. 7*. T.) Pt _;U- P ? R For 

meaning of ‘ ideal, ” tee p. 124. ' 


15* I0'" 4 . 


sTU 


Sn- 1924 -A 


P=4kg/cm 2 


P= 95 kg/cm* 


0.030°C 


P= 193 Kg/cm 


<v 

a 

vO/ 


O 

A 


l£_ 

450 


P He — »- 
470 mm Hg 


Fia. 9. — 


Tin: Effect of pressure (P) upon the 

temperature (*•*. *•*). 


49* 

of R 
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Rh. — (Cant'd) 


-t 

100ft/ft 0 

160 

30.2 

180 

21.4 

191.9 

16.26 

Sb (41) 

77 

66.7 $ 

80 

64.5 

100 

56.7 

120 

49.1 

140 

41.7 

160 

34.8 

180 

28.3 

190 

i 26.03 

Single crystal § ( 55 ) 

180 

63.0 

81 

62.6 

98.9 

64.5 

100 

54.9 

102.6 

53.7 

110 

60.7 

120 

47.3 

120.2 

4 7.0 

120.9 

47.3 

ISO 

44.3 

137 

40.8 

140 

40.0 

160 

32.9 

180 

26.3 

188 

23.6 

191 

22.8 

Si (»3, 94) 

72 

148 

80 

156 

100 

175 

116 

191 

120 

195 

140 

219 

160 

248 

180 

282 

189 

299 

Sn (14, 

1*7, 159, 

>«*); see 

also Figs. 

9, 10, 11 

80 

66. lo 

100 

58.0s 

102.13 

67.36s 

116.14 

62.167 

120 

50. 2o 

127.50 

47 .Zoo- 

140 

42. 2« 

14106 

41.90o 

168.74 

34.91s 

160 

34.63 

180 

26.55 

182.80 

26.449 

194.07 

20.98s 

200 

16.65 

202 07 

17.792 

209.98 

14 67e 

218.30 

U. 46 o 

220 

10.75 

240 

3.80 

262.66 

1.162 

264.96 

0.836 


Sn. — ( Cont'd ) 

-t 

lOOft/ft 

266.61 

0.637 

258.89 

0.409 

260 

0.30 

268.86 

0.100 

269 . S3 

0.099 

269 . 37 

Yes* 

v.p. He II II HI 


(157 

, 160) 

~t 

100ft 

766 

0.452 

480.2 

0.443 

476.7s 

0.423 

474 5 

0.394 

471.8 

0.327 

470.1 

0.243 

467.5 

0.129 

466.7s 

0.112 

466 . 6 s 

0.067 

466 . 4s 

0.070 

463.2 

0.030 

463.1 

0.024 

461.9 

0.018 

461.6 

0 007 

461.1 

0.010 

468.6 

0.003 

466.1 

Yes* 

d = 0.19 

mm; i = 


4 OmA; unit of ft =* 
1 ohm 


Ta (78, 83) 


-l 

100ft/ft 0 

78.2 

72.98 

80 

72 4 

100 

64 9 

120 

57 3 

140 

49.6 

160 

41.9 

180 

34.3 

192.6 

29.66 

Te (< 

1, 127) 

80 

77.3 

100 

73.2 

102.3 

72.3 

110.8 

71.3 

120.0 

69.8 

131.3 

67.3 

140 

65.9 

160 

62.« 

180 

59.6 * 

1S3.1 

68.9 

193.1 

67.9 

200 

56.7 

203.6 

65.9 

220 

54.7 

225 

54. e*** 

240 

56.8 

262.8 

60. 4 

256.4 

61. 4 

268.6 

62.4 

Ti (•*, 94) 

70 

1146 

80 

117.5 

100 

123 5 


Ti.— {Card'd) 


-f 

100ft/fto 

120 

130.6 

140 

139.2 

160 

149.5 

180 

161.9 

191 

169.0 

Tl(13»,157, 159 );c/ . 

( 28 ); seealso Fig. 12 

78.3 

67.10 

80 

66.3 

100 

58.4 

120 

50.7 

140 

43.2 

160 

35.9 

180 

28.8 

184.62 

27.205 

192.04 

24 . 529 

200 

21.71 

200.03 

21 . 69 2 

207.11 

19.187 

216.33 

15.92& 

220 

14.60 

240 

7.36 

252 . 62 

3.023 

256 . 05 

2.286 

256 . 62 

1.841 

258 . 93 

1.259 

260 

1.01 

268 . 86 

0.084 

269 . 83 

0.072 

270.47 

0.069 

270.57 

0.068\\\\ 

270 . 61 

0.066 

270.62 

Yes* 

d = 0.6 mm; i - 

S./mA 

W (18, 83) 

78 . Ss 

66.09 

80 

64.4 

100 

55.7 

120 

46.9 

140 

38.2 

160 

29.5 

180 | 

20.8 

192.8 | 

15.29 


Zn (>87, 139, 160); 
cf. (78, 83) 


2xl<r1rt 

T 


Sn-19 

24-sp 

OiT 

/Y 0 

/ / *V 
f 

1 

0/ 

// / J 
! 

As 

J? 

/ ^ 

/a/ 

f n 

t 

R 

r / A 



*-0.015 °C 


460 


mm 


490 


Fig. 10. Tin: Effect of tension ( r ) upon the variation of ft with 

temperature (***, ,l4 ). 

02 


1 

1 

1 

I 0.1 1 

t 

1 

1 

ko-o 

MOOR 

1 

K 

I 

1 

1 

[O 

1 


‘270 


^io. 12. — Thallium: 


78.2 

68.62 

80 . 

67.8 

100 

59.7 

120 

51.6 

140 

43.5 

160 

35.3 

180 

27.1 

184.37 

25 . 367 

192.05 

22.136 

200 

18.8 

200.38 

18 . 643 

206.99 

15.901 

216.26 

12.552 

220 

10.8 

240 

41 

252 . 60s 

1.383 

255 . 10 

1.119 


Zn. 

-t 

256 . 64 
258 . 85 
260 

268 . 87 
269.71 
271.69 


( Cord'd ) 
100 R/R 0 
0.984 
0.838 
0.767 
0.378 
0.378 
0.378 

Single crystal § 

(47, 48) 


178.2 

80 

100 

120 

140 

)43.1s 

160 

180 


68.4 

67.6 

59.2 

50.7 

42.2 

40.9 

33.9 

25.7 
22.1 


Zn. 

-t 

191.1 
191 .8 

194.2 
200 
220 
240 
252.6s 
252.7s 
II 78.2 

80 

100 

120 

140 

143.1s 

160 

180 

183.4 


( Cord'd ) 
100 R/R 0 
21.1 

20.7 
19.6s 

17.3 
8.9 
2.7 
0.749 

0.7 4i 
68.1 

67.3 

59.2 

51.2 

43.2 

41.8 

35.2 

27.2 
26.0 


-269 °C 

‘mperature ( 

ia», i87). 

Zn.— 

( Cord'd ) 

-t 

100 ft/ft 

189.1 

23.5s 

191.1 

22.7 

191.8 

22.4 

194.5 

21.5 

200 

19.3 

220 

11.5 

240 

3.7 

252.7s 

0.7 5 g 

Zrftt ( 21 ) 

80 

66.4 

100 

58.4 

120 

50.5 

140 

42.7 

160 

35.0 

180 

27.4 

182.87 

26 . 26 t 

194.93 1 

21 . 86 t 
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Fio. 11. — Tin: Variation of R with temperature ( ,87 . , ®°). 


Footnotes fob Table 1 

• No • not superconducting. Yen — superconducting. A " -f- ” after a 
number in the — t column indicates temperatures below that named; e.o., 
" 205.83 -b, " means “at temperatures below — 2G5.83 0 C.' , 

f Conclusion from Hall effect. 

X Where adjacent unitalieired entries are more than 1° apart for Au, or 5° for 
Pb, a linear interpolation introduces an error of less than one unit in tho last 
figure. 

I X, ||. Denotes that the single crystal is cut or split X, []. to tho crystallo- 
graphic e-axis and that the current passes X, II, to that axis. 

|| Commercial electrolytic copper. If Natural copper crystals. *♦ Kolswa iron. 

tt Temperature deduced from vapor pressure of He [see Note TT). For Ga, 
the magnetio field was 17 gauss. 

In R/Ro, the R o refers to solid Hg, and is obtained by extrapolation. 

II H Resistance R computed from observed current and potential difference, 
assuming Ohm's law. Region of transition from ordinary to superconductivity 

TT V.p He - pressure of saturated vapor of He at temperature of observa- 
tion; unit ™ 1 mm of Hg: 


V.p. He 

7Q6 

480.2 

461 9 

456. 1 

394.4 

-1 

268.88 

269.33 

269 36 

269.37 

269.49 

V.p. He 

339.6 

309.8 

304.0 

45 

0 

-t 

269 61 

269 . 67 

269 69 

270.74 

271 6 


Approximately minimum value. 

ttt Data from •«) differ greatly from those of (*>), and indicate R has a 
minimum near — 80 °C. 



Table 2. — Resistance of Platinum below — 80°C ( 19 - 75, 87, 

88, 97, 157, 160) 

I - Pt-23-1915 (1*, 87, 97, 1 57, 160); n = Pt-23'-1915 (88, 

160 ); III - Pt-29-P.T.R. (75); see also Fig. 8 . R) Rq d re8iflUnce 


(not resistivity) of the specimen at temperature 
centigrade temperature, °C; every t is negative. 

t , °C, 0°C. t - 

-t 

lOO/?/fl 0 

1 1 

II 

III 

80 

68.158 

68.017 i 

67 . 782 

82 

67.350 

67 205 

66 964 

84 

66.542 

66 . 393 

66.146 

86 

65.733 

65.581 

65 328 

88 

64.923 

64.769 

64 508 

90 

64.113 

63.955 

63 688 

92 

63.303 

63.141 

62 866 


Table 2. 



( Continued ) 

lOOR/fro 
II 


III 


94 

96 

98 

100 

102 

104 

106 

108 

110 

112 

114 

116 

118 

120 

122 

124' 

126 

128 

130 

132 

134 

136 

138 

140 

142 

144 

146 

148 

150 

152 

154 

156 

158 

160 

162 

164 

166 

168 

170 

172 

174 

176 

178 

180 

182 

184 

186 

188 

190 

192 

194 

196 

198 

200 

201 

202 

203 

204 

205 

206 

207 

208 


62 . 492 
61.680 
60.867 
60.053 
59 . 237 
58.421 
57.605 
56.788 
55 . 970 
55.150 
54 . 329 
53.507 
52.685 
51.863 
51.039 
50.215 
49.391 
48.567 
47.741 
46.915 
46.087 
45.257 
44.427 
43.595 
42.761 
41.927 
41.092 
40 . 255 
39.418 
38.580 
37.740 
36.899 
36.057 
35 213 
34 367 
33.519 
32 670 
31.820 
30 . 970 
30 120 
29.268 
28.416 
27 . 563 
26 709 
25 . 855 
25.001 
24.146 
23 . 292 
22.438 
21 584 
20.730 
19.876 
19.024 
18.176 
17.754 
17.$33 
16.913 
16.494 
16.076 
15 659 
15 244 
14.831 


62 . 325 

61.509 

60.692 

59.874 

59 . 055 

68 . 235 

57.415 

56 . 593 

55.771 

54 . 949 

54.125 

53.301 

52.476 

51.650 

50.823 

49.995 

49.167 

48 . 337 
47.507 
46 . 675 
45 . 842 
45.008 
44.173 

43 . 337 

42.500 
41.661 
40.821 
39 . 979 
39.135 
38.291 
37 4-16 
36 600 
35 . 752 
34.904 
34 . 054 
33.204 
32 . 353 

31.501 
30.647 
29.793 
28.937 
28 . 079 
27.219 
26 . 356 
25.491 
24 625 
23.758 
22 . 893 
22 . 030 
21.169 
20.311 
19.455 
18.601 
17.750 
17.326 
16.903 
16.481 
16.060 
15.640 
15.221 
14.804 
14.389 


62.044 
61.222 
60 400 
59.576 
58.752 
57 . 926 
57 . 100 
56 274 
55 446 
54.618 
53.788 

52.958 
52.127 
51.295 
50.463 
49 . 629 
48 . 795 

47 . 959 
47 123 
46.286 
45.448 
44.609 
43 . 769 
42 . 928 
42.080 
41.244 
40.401 
39.555 
38 . 709 
37.861 
37.013 
36 164 
35.314 
34.463 
33.609 
32 . 755 
31.901 
31.045 
30 189 
29.331 
28.471 
27.611 
26 . 749 
25 885 
25.020 
24.154 
23.285 
22.416 
21.551 
20.689 
19.830 
18.074 
18 120 
17.268 
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Table 2. — 

{ Continued ) 


Table 2. — 

( Continual ) 



100ft/tfo 

/ 

1 100 /e/fto 

— t 

I | 

II 

III 

— 1 

I 

TI 

III 

209 

14.419 

13.975 


240 


1 3 . 252 


210 

14.009 

13.563 


241 


3.031 


211 

13.601 

13.153 


242 


2.821 


212 

13.195 

12.745 


243 


2.623 


213 

12.791 

12.339 


244 


2.437 


214 

12.390 

11.936 


245 


2.263 


.215 

11,993 

11.536 


246 


2.101 


216 

11.599 

11.139 


247 


1.952 


217 

11.208 1 

10.745 


248 


1.815 


218 

10.821 

10.355 


249 


1.688 


219 


9 . 969 


250 


1.571 


220 | 


9.587 


251 


1.464 


221 


9.209 


252 

1 . 8422 

1.3661 

0.7902 

222 


8.835 1 

l 

253 j 

1.7474 

1 . 2773 

0.7048 

223 


8.466 


254 

1.6630 

1.1974 

0.6320 

224 


8.102 

• 


255 

1.5885 

1.1263 

0.5706 

225 


7.743 


256 

1 . 5227 

1.0637 

0.5198 

226 


7.389 


257 

1 . 4649 

1.0095 

0.4788 

227 


7.040 


258 

1.4147 

0 . 9635 


228 


6.697 


259 

1.3717 

0 . 9255 


229 


6.360 


260 

1.335s 

6.8945 


230 


6.030 


261 

1.306 

0.8695 


231 


5.708 


262 

1 . 2825 

0 8495 


232 


5.395 


263 

1.264 

0.833s 


233 


5.092 


264 

1 . 2495 

0.8205 


234 


4.799 


265 

1.239 

0.810 


235 


4.516 


266 

1.2325 

0.8015 


236 


4.243 


267 

1 . 2285 

0.795 


237 


3 . 980 


268 

1.226 

0 . 7905 


238 


3.727 


269 

1.2241 J 

0.7879 


239 


3.484 


270 

1.2225 1 

0 . 7863 



Table 3. Effect of Impurities, Stress, Heat Treatment, Etc., upon Resistance of Elementary Substances at 

Low Temperatures 


B = bar, section is circular unless another form is indicated, (c) = specimen was cast, (cd) = cold drawn, (cp) = cold pressed, 
(crl) — crystalline, Cryst = single crystal, (d) = distilled, (D) = drawn through diamond die, new diamonds, Diamag = diamagnetic, 
(dr) =» drawn, Elec * electrolytic, (ex) «= extruded while hot, (f) * filed, Fil = filament from incandescent electric lamp, Fv =* fused in 
vacuo, FW » wire which has been flattened by hammering or by rolling, G = specimen was cast (c) or distilled (d) into a straight glass 
tube, Glo - specimen was annealed by glowing, (hd) = hard drawn, (H) = wire was drawn by Heraeus, l = length, M * malleable 
and ductile, P - plate, (p) = pressed, P.T.R. = Physikalisch-Technische Reichsanstalt, (r) = rolled, S = strip, Super = superconduc- 
tive, (t) = turned or cut on lathe, tr. * trace, UG = same as G except that tube is U-shaped, Vac = resistance of specimen measured in 
vacuo , W =* wire; □, □ = section is rectangular, is square; J, = crystal is cut perpendicularly to the crystallographic (c) axis of 
trigonal symmetry. The dimension of the specimen (unit = 1 mm) is indicated by subscripts (if only one is given, the specimen is 
cylindrical, or is a thin narrow strip, and the subscript is its diameter, or the width of the strip); c.g., W 0 . 6 * wire 0.5 mm in diameter 
B?4, 4, 4. i ■= bar 21 mm long, section 4 mm by 4.1 mm. In the column headed “Annealed," is given the annealing temperature if know n : 
“Yes" = annealed, “No” - not annealed. In the second column is given the date of publication or of measurement. Centigrade 

temperatures. Unit of length = 1 mm; of p, pressure, = 1 atm., of A RJpR — 1 (atm.) -1 ; —182.95°, —252.76° —268 88° = boilin? 
point of O, H, He at 1 atm. ’ ' K 



Source and designation 


Impurities 


Form and sire 


An- 


A1 


1892 
1904 
1907 
1907; 8 

1912 

1913 

1919; 20 

1892 

1893 

1007 

1919 


Pure Ag 

Agu 

Kahlbaum 

C. Hoitscma. . . 
C. Hoitscma. . . 
Heraeus, Agj . . 
Heraeus, Agu 

Heraeus 

Pure A1 

Commercial Al 
Neuhauaen Al. 

Kahlbaum 

Ain 


Aim 


0.18% 
0.18 % ca. 
Chem. pure 
Chem. pure 


2.6 % 

1 % 

1.0 %(Fe + Si) 
1.2 %(Fe + Si) 


W 

Wo.itdr) 

Wo.i(H) 

Po.o»« 


W.i 

W(hd) 

Wo.t* 

Won 
W 0 .*(dr) 
Wo. i to 0.** 


Wo. 


* to « 


nealod 

|-182.05°| -192° 

1-252.76° 

— 268.88°| 


30.3 

26.9 




27.9 

24.3 

3.74 



30.0 

20.8 




25.0* 

21.1* 

0.90* 



22.8 

18.8 

0.91 


Yes 

25.39 

21.4 

1.47 


No 

26.1 

22.36 

2.32 


500° 

24.6 

20.71 

0.54 



28.3 

24.6 




19.0 

15.0 




21.8 

18.1 




26.8 

23.3 



220° 


17.80 



250°t 


17.00 



220° 


14.78 



260°t 


14.51 




Lit. 

(* T ) 

(*•) 

(*»•) 

(tl* 133) 

(*» 4 , 1 « 4 } 


} 


» 14 «, 1 * 7 > 


(*•* T§, S3) 

< IT ) 

<«) 

(*») 

(«*•) 

("> 

< T ») 

< 7 **«*> 





8ource and designation 


A1 | 1919; 20 


Ahv 


Au 


1924; 26 

1901 
1904 
1907 
1906; 8 
1907; 08; 11 
1007; 8 

1912 

1913 


1915 

1017 

1919; 20 
1023 


Cd 


1897 
1907; 8 
1913 
1919 
1893 

1912 

1913 

1014 
1919; 20 
1924; 26 


Co 1921 

Cs 1908 
1910 
Cu 1885 
1901 
1907 

1912 

1913 
1914; 21 

1915 


1916 
1919; 20 

1913 
1916 
1924 ; 26 
1893 


1901 

1907 

1912 

1913 


Impurities 


0.4 %(Fe + 6i) 


Form and site 


Myliua, Alv 0.1 %(Fe + 8i) 


Bureau of Standard* .. . .. 

Roberts Austen, Au«o 
Same as Au«o(?), Aujj 
K ahlbaum .... 

C. Hoitscma, Auo 
C. Hoitsema, Aum 
C. Hoitsema, Auiv 
C. Hoitsema, Auv 
C. Hoitsema 
Heraeus. Aui 
Heraeui, Aun 
Handelsmetall Anst., Aum 
Handelsmetall Anst , Auiv 

Myliua 

C. Hoitsema, Au-1 1-1915 
C. Hoitsema, Au-12-1915 

(?) 

Myliu* 

Myliu* . 

Myliua, Au-la 

Myliua, \u-16 

Hartmann and Braun 
Hartmann and Braun, No. 301 

Kahlbaum 

Mylius and GroachufT . . 

Matthcy 

Kahlbaum 

Kahlbaum, Cdi 
Kahlbaum, Cdn 

Kahlbaum 

Kahlbaum, Cdi 

Kahlbaum, Cd-1020-I 

Kahlbaum, Cd-1919-I 

Kahlbaum, Cd-1919-I 

Heraeus, Coi 

Kahlbaum, Con 

Hackspill's method 

Hackspill's method, tube 3 
Electrolytic conductivity - 98 %. 

Johnson and Matthey 

Kahlbaum 

Felten and Guillaume 
Leppin and Masche. 

Kahlbaum, Cut, Cu,« 

8iemens and Halske, Cun, Cun 
Siemens and Halske, Cu| .... 

Electrolytic, Cun 

Felten and Guillaume 

Felten and Guillaume 

Felten and Guillaume 

Commercial Cu .... 

8iemens and Halske, Cu, 

Siemens and Halske, Cui 

Natural crystals, Cu-b 

Lake Michigan, crystal 

Natural crystals. Cum 

Armstrong's 


Hopkins and Williams 

(?), Fe* 

Kahlbaum 

Kolswa (Sweden) 


Hartmann and Braun, Tej. 
Hartmann and Braun. Feu 


Fc -0.18 %, 
Si - 0.15 % 
Purest 


0.03 % 
0.015 % 
0.005 % 
0.003 % 
<0.03 % 
Chem. pure 
Chem. pure 
0.01 %, Elec 
0.01 7c, Eleo 
0.001 % 
Minting! 
Minting! 

0 001 % 
0.00 1 % 
0.001 % 
0.001 % 
Pure, Elec 

0 07 % ca. 
Pure 
Pure 

< 0.01 % 
<0 01 % 
< 0.01 % 
< 0.01 7 . 
< 0.01 % 


(F v in SiOt) 


Elec 

Diamag 


Elec Diamag 
Eleo 
Elec 
Elec 
Eleo 


Mg - 0.25 %, 
8 - 0.01 % 
Very soft 


0.18% (C, S. P, 
Si, Mn) 
Elec 
Elec 



W*.,(D) 

Wo.**(D) 

W,., 

Wo. «(dr) 
Wo.j»(dr) 
Cryst 
Cryst 
Wo.i(p) 
8piral 
Bu(c) 

Wo.i(p) 

W 0 .7(dr) 

B 

W (cd) 

W (ex) 

G(c) 

Wo.t 

Wo.**(ex) 

W*.tj(ex) 

Wo.n(ex) 

Wo.n 

UGo.» to i(d) 
Gio to »(d) 
Coil 

Wo.i(dr) 

W (cd) 
W(H) 

W 

W not (dr) 
W (dr) 
8(f) 

S(r) 

8(r) 

B 

Wo.i 

Wo., 

B(t) 

Wo.r(cd) 
W.M 
Wo ,(dr) 


W (dr) 
W(dr) 


An- 
nealed |- 182.95°| -192° 


225° 

250*t 18.9* 


lOOR/Ro 


— 252.76°| — 268. 


300° 
500° 
600° 
225° 
250° 
250° f 
300° 
500® 


Yes 

Yes 

Yea 

Glo 

No 

Glo 

No 

GloJ 
Glo J 
500° 
No 
350° 


200 ' 


220 ' 


500® 

500° 


No 

Glo 


Yes 

380®f 

500® 


Yes 


Glo 

No 


21.4 


29.2 

34.7 

32.7 

30.07 
27.65 
27.18 
27. 10 

28.7 

27.4 

28.3 

27.8 
28.7 
27. 1 
27.08* 
27.20 

27.5 

28.03 


39.0 
41.35* 
37.7 
38.6 
29.5 
30 3 
28.78 
28 66 
29.2 

29.0 
28.70* 
March, 

1920 

January, 

19-3 


29.3 
28. •* 

21.3 
19.6 
20 8 
16 3 
10.9 

18.87* 

18.4 
19.2 


20 1 
18.7 
19.0 


18. 10 
22.3 

13.5 
22.9 

26.5 
21.8 

13.8 


15.72 

14.91* 

15.64 

18.88 

21.61 

17.56 

17.53 

17.39 
18 14 

20.40 


25.5 
31.3 

29.6 
2 
2 
2 


25 I 

24.00 

24.03 
24.- 
25 ; 
23.: 
23.: 
23.* 

23. ; 

24. : 

23. 1 
23. ( 
22 . \ 

35. 1 
39 ; 
33. f 
35 . 1 

25. f 

26. f 

25 .3 
25. C 
25. e 
25.3 
25. 1 


16. 1 
13 5 

26.3 
25. a 
17.5 
15.8 

18.4 
12.3 
ip ii 


19.1 

10. 54 
11 09 



5.94 


3.29 

11.1a 

4.579 
1.627 
0.899 
0.835 
3.5 
1.90 
2.93 
2.23 
3.43 
0.69 
0.825' 
0.891 
0.68 
19 
0.698 
0.674 
0 633 

22.43* 


2.30 
2 21 


04 

.78 

.85 

.63* 

2s 

.13 

.35 

.42 



(»•, 70, OS) 


(7«, 7S, OS) 


6.77 (»*7, Iff) 


(«) 

(*•) 

(110) 

(11. 1*1, IIS) 
(SI, no. 111) 
(*t, MS) 

(**. MS) 

(I. 4, 1S4) 


1.020 


0.223* 


1 073 
0 109 
0.093 
039 


(140, 147) 


(■». Ml) 

(14, 17, It) 
(17, 10) 

(70, 70, SJ) 
(104) 

(104) 

(104) 

(104) 

(«) 

(lit 1 IS) 

(«*) 

(7«, 01) 

(*») 

(”) 

(140, 147) 
(140, 147) 
(M7) 

(7S, »0, IS) 
(107, ISO, 100) 


( 107 , 100 ) 


(••) 

(40) 

(•S, •*. 04) 

(”) 

(104) 

(* # ) 

(110) 

(#» 4, ISO) 
(140, *47) 

( 00 , 00 ) 

( 00 , 00 ) 

(OS, MS) 

(SI, MS) 

(••) 

( M ) 

(»•) 

(140) 

j (7S, 70, OS) 

(MS, 107, 100) 
(I4S) 

(I S7, ISO, 100) 

(*•) 


2.80 

3.30 


(*•) 

(*») 

( 110 ) 

(4, MS) 
1(144, 147) 


■: 
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Table 3. — ( Continued ) 


G« 

In 



Mi 


Mo 


N* 


Date 


1910 

1919; 20 
1922 
1914 
1924 

1911 

1919 
1901 
1908 
1924 
1908 

1920 
1893 

1907 
1919 

1908 
1910 
1924 

1892; 93 
1900 
1904 
1907 

1909 

1912 

1913 

1910 
1021 


Source and designation 


Electrolytic, Feu 

Electrolytic, Feu 

Kahlbaum, Fen 

Dennis 

{Rt extrapolated for solid Hg) 

de Hafcn, In-1922-II 

For effect of pressure, tee Fig. 6 
Heraeus 

P.T.R., In 

Johnson and Matthey 

Hackspill's method 

Merck, K-1916-III 

Purified 

Kahlbaum 

Matthey 

Carlo Elba 

D. Gasgltthlicht Ges., Mon 

(?)» Moi 

Hackspill’s method 

Hackspill's method, tube 3 

Kahlbaum, Na-1910-IV 

Kahlbaum, Na-1916-V 

Dt. Ludwig Mond : 

T Electrolytic 

\ Johnson and Matthey, Ni«i 

Kahlbaum 

Hartmann and Braun, “Reinnickel” 

"Schwerte” Ni 

Hartmann and Braun 


1803 
1007 
1007; 8 

1912 

1913 

1913; 14; 

1015; 25; 
1015 

1919 ; 20 
1024; 26 


Impurities 


Elec, F t 
E lec, Fy 
0.01 % 
< 0.1 % 

Chem. pure 


Fy 

K and Na free 
Zn free 


Impure 


Elec 


1 %(Mn, Cu, Fe) 
Pure 


Kahlbaum, ID 

Heraeus, 1IIB 

Heraeus, IIID 

Matthey (1884) 

Kahlbaum 

(?) 

(?) 

Kahlbaum, Pbi 

Kahlbaum, Pbm 

21 Ncrnat. 

Kahlbau m 

26 Kahlbaum 

Kahlbaum 

Kahlbaum 

Kahlbaum 

Kahlbaum, Pb-1919-I 


0.5% 
0.05 % 
0.05 % 
Very pure 

0.015 % 

< 0.01 % 
< 0.01 % 

< 0.01 % 
< 0.01 % 
<0 01 % 
< 0.01 % 
< 0.01 % 
< 0.01 % 


Form and site 


W, , 
Wm 

Wo.j(dr) 

Bim.m 

Wo.n(ex) 

□FW 

W, 

UGo.o to i(d) 
UG(d) 
UGo.o to t(d) 
B 

Wo.o 
Wo., (dr) 
Wc.»|Vac 
Wo. i, Vac 
UGo.o to i (d) 
Gio to »(d) 

UG(d) 
UG(d) 
Spiral (t) 
Wo.„(dr) 

Wo., (dr) 
Wo.on 
Po.on 
W 

W 0 .» (ex) 
W(ex) 

W (ex) 
Wo.7(cp) 
Wo., (dr) 
8(t) 

Wo.i 
W (cd) 

W (ex) 
Wo., 
Wo., (dr) 
B,(t) 

S cut 
S(r) 

Wo.n(ex) 


An- 

nealed 


300° 

500° 

380°t 


lOOR/Ro 


-182.95°! -192° 



600° 


500° 

500° 


Yes 


13.2 

13.2 
12 . 1 * 
97.6* 
28.5* 
28.70* 

32.5 
26.3* 

26.6 

31.8 
27.19* 

17.3 
17.0* 
23.0* 

31.7 
22.9* 

27.0 

21.9 
22. T 
24 . 40* 

15.5 

20 . 8 * 

20.8* 

20.1 
28.2 

33.3 

31.8 


500° f 
200 °(?) 
500° 
500° 


29.6 
35 7 
29.69 

31.6 
30.8 
31.0 

30.6 

29.6 

29.7 


9.98 

10.03 
8.78* 

101 * 

25.4* 

25.55* 

29.5 
22.54* 

22.6 

29.0 
24.0* 

13.8 
13.4* 
19 3* 

28.5 
19.31* 
23.65 

18.1 

20 . 8 * 

12.6 
17.8* 
17.8* 

17.3 

25.3 

30.8 

29.2 

15.40 

10.39 
10 1 

26.4 
32.7 

26.40 

28.2 
27.43 

27.04 

27.3 
26.3s 

26.4 


1.13* 

4.00* 

5.72* 


0.176* 

3.394* 


2.86 


2.70* 0.702* 


0.73* 


0.91* 

1.00 


0.381* 

0.474 


8.5s 


20.40 

20.5 


200 ' 


29.6 20.34 

29.53* 20.19* 


3.04 
6.1 
4.68 
4.61 
4.37 
3. 10 
3 02 
2.96 
2 90 

3.05 
2.96* 


Super 


Super 


1893 

1904 

1012 

1919; 20 

1019 

1892 

1893 

1896 
1901; 21 

1903 

1004; 7; 8 

1904 

1905 

1906; 8; etc. 


t - — 183°, p - 49, lO^R/pR - -2.3a; p - 100, 10 - -2.2; t - - 252 8°, p - 49.7 or - 100, 10 *±R/pR - - 


("»•*) 

(*•»•*) 

(»•» 70, IS) 

(«) 

( 117 ) 

(1*7, II*, lit) 

(*») 

(7*. IS) 

(*•) 

(IX, IS, !«) 

(1*4, III) 

(.1, .4) 

(103) 

(**) 

(110) 

(7*. •*) 

(7*. •*) 

(IS, IS, 14) 

(* 7 ) 

(1S4, 111) 

(164, 1*1) 

(X7» *•) 

(40) 

(*•) 

( 110 ) 

( 10 ) 

(4, 111) 

(»4I, 1«T) 

(”) 

( 10 ) 

(IS) 

( 10 ) 

(*•) 

( 110 ) 

(SS, 1 3 S) 

(.24, 

(141, 147) 

(Ml, 147) 

(63, 6 5, II) 

(63, 61, II, 13, 

(93, 102, 104, 101) 

<•«) 

( 60 ) 

(76, 71, 6 3) 

(140, 1 97, 111, 

140) 


Matthey 

Johnson and Matthey, Pd«#.. 

Heraeus 

Heraeus, Pdi 

Heraeus, Pd, 

(Pure soft) 

Johnson and Matthey, P,. . . . 

Matthey 

Heraeus 

Cambridge Sci. Inst. Co., Pti 

Heraeus, I 

Heraeus, II 

(?). PtM 

Johnson and Matthey, Pt. . . . 

” Standard Pt” 

Heraeus, Pti' 


Very pure 


Pure 


Chem. pure 
Chem. pure 


1907; 8 


1907 

1911 

1913; 21 ; 24 


Heraeus, Ptm 

Heraeus, Ptrv or V 

Heraeus, Pld 

Kahlbaum 

Heraeus, PtB .... 
Heraeus, Pt* 


Heraeus, Pt* 


1915 


Heraeus, Ptn 


Heraeus 


W,.„ 

Po.iooll 
W 0 . iVac(?) 
W,., air 
W 

Wo. t« 

Wo.oo 

Wo. oi 
W 

Woo. 

Wo.i 

Wo.i 

W 

W*.t(dr) 


Wo.. 
Wo.i 
Wo.oo 
W,., (dr) 

Wo.oo** 

W.. M tt 


Wooott 

Wo.oo tt 


Yes 

500° 

500° 

Yes 


Glo 

Glo 


27.2 

27.8 

22.9* 

23.7 

33.3 
30.5 

27.9 

31.4 
26.482 

28.3 

25.5 
25.936 

26.3 


Yea 25.178 


23.6 

24.2 

18.74* 

19.70 

29.7 
20.9 

27.5 
21.59 

24.6 

21.6 
22.113 

22.3 
20.90 
21.287 


6.05 
5.15 
0 93* 


5 90 


1.094 


2.42 


1.418 


Yes 

Yesf 


25.068 21.205 

25.012 21.161 

27.288 23.599 4.062 

34.5 31.2 

1.72 

24 610* 20.089* 0.724 


24.617 20.695 0.737 

24 029 20 689 0.743 


1 19 


Glo 


24 5 


20 6 


0 60 


1.7 (!*•) 

(") 

(*«) 

(4, 124) 

(76, 7 9, S3) 

(79, 93) 

(* 7 ) 

(S3, SS) 

(*«) 

(■4, SS) 

(69, 66, 76, 77) 
(I. 7) 

(•• 7 ) 

(SS, *6, 100, I3S) 

(*•) 

(161) 

(SS, 66, S7, 126, 
12», ISO, 1 SS, 

,M ) 

(«, 1SS) 

(SS, 1SS) 

(IS, 1SS) 

(110) 

(IIS) 

(62, 63, 68, 60, 

70, 72, 73, 74, 
75 ) 

(62, 63, SI, *7, 

• *, 72, 7 3, 74) 
(62, IS, 6*. 

71, 72, 74, IS) 
(I6S) 
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1 )a to 


Source and designation 


1015 

1915; etc. 

1015 

1017 

1917 

1910 

»M21 


1022 

1923; 25; 26 
1923; 25 


1924; 26 

Rb 1003 
1910 
Rh 1911 
1919 
Sb 1913 
1014 
Si 1013 


Ilerncus, Ptu 

Hcracus, Pt-22-1915 
Hcracus, Pt-23-1915 


Hcracus, Pt-24-1015 

Hcracus, Pt-21-1915 

Hcnieus, Pr-26-1915 

Hcracus 

Hcracus, Pt 3 j 

Hcracus, Pin 

i Hcracus, Pt 3J 

(?) 

Hcracus, Pt-23'-1915. 
Hcracus, Pt-27'-1915 . 
Hcracus, Pt-31- 1020. . 
Hcracus, P(-32-1920 
Hcracus, Pt-36-1922. . 

P.T.R.(?), Pt-C-1014 
P.T. R.(?), Pt-D-101 4 ... 

Hackspill’s method 
Hackspill’s method, » ub»- 5 
Hcracus 

P T R., Rhi 

Kahlbaum 

Merck 

dc Huen 


Impurities 


Very pure 
Very pure 

Very pure 
Very pure 
Very pure 


Bn 1803 <?> Pure 

Kahlbaum <0 01% 

1923 Kahlbaum, Sn-1922-III <0 01% 

1924; 26 Kahlbaum, 8n-1922-A <0.01 % 

Kahlbaum, Sn-1922-I <0 01% 

1025 (?) 

For cfTcct of stress, ace Firs. 10, 11 

Ta 1010 Lamp filament 

Te 190S Commercial, purified 

1012 Merck, purest I 

Ti 1908 dc llac l n ( r (p e gj) I 

Tl 1803 Ramsay I 

1922; 24 Kahlbaum, T1-1010-VIII I 

Kahlbaum. T1-1010-IX 

W 1919 Siemens and Halskc, Wi I 

Pintsch, Wu T h 

1021 Pirani I 

Zn 1013 Kahlbaum <0 01 % I 

1919; 20 Kahlbaum <0 01 % f 

1024; 26 Kahlbaum, Zn-1921-I <0 01 r 

Zr 1908 dc IIa£n tr C 

1024 Philips Lamp Works, Zrt 0.1 % 

Philips Lamp Works, Zr« 0.1 % 

1^25 Philips Lamp Works, Zr» 0.12 %W 

Philips Lamp Works, Zr< 0.03 %W | 

• Given in Table 1 or 2. f Most favorable annealing temperature is near this. 
t Pure minting Au. J Successively glowed and immersed in liquid air several 
times. fl Plato was not in contact with liquid H. • Annealed, unwound, re- 
wound but not reannealed. ** Wound on glass cylinder while hot. 

BIBLIOGRAPHY ARRANGED BY ELEMENTS 
Ag (** «» • *» >>» >i, as-js, rs, 7t, os, si, iot, no, 124 , iss-iss, i««, 147 ). 
A1 tj, as, 7 s, 7 9 , sa, ss, 107 , no, 117 , iso,. (*. 4 » n, u, is, aa, aii 
is -as, 7 s, 7 s, sa, $», so, ss, 100 , 10 a, 104 , 10 s, no, 113 , ns, ns, 120 , 124 , m, 
na, ias, 137 , 14 s, 147 , i«7) ; gi (a, 4, 10 , 11 , aa, 23 , ao, 31 , as, as, 41 , 7 s, sa, 
its, iia-ias). c ( 22 , 27 , si, in, 134 , 13 s, 142 , iss,. (as, 37 , 47 - 49 , 7 a, 7 s, 

S2, S3, SS, 137, 144, 147, 14S, 1S7, IBS, ISO). Co (•<>, 14*, 147). Qs (». *1-**, S7). 
Cu (*» 4 » ,5 » as-is, SS, SS, 7 8, 78, S3, SO, SS, 101, 102, 1 10, 123, 124, 137, 14 *', 
147, 14S, 1*7, IBS, ISO, 1SS) ; Fe ( 4 » » *» * *, *7 , 2S, 88, 78, 78, 83, SS, 110, 128, 
137, 144, 147). Qa (»»7, ISO). Qe (•. »*7, ISO). H g (1, I *, 22, 23, 32, 41, 80, 
SI, SS, 113, 114, 11 8, 117, 128, 1 33, 134, 137, 1 82, IBS, 1S7). J n (1B7-1B0). Ir 
(13, 7 8, S3). K (S, 28, 82-84, 87, 1S4, 1*8); Li (9, 82, 84, 103, 138). Mr (IS. 28, 

Mo ( 7 *» •*); Na (». sa-*4, 87, ISS). Ni ( s, 10 , 2 s, 27 , as, so, *», 7 s, so, 

SI, SB, no, 128, 138, 148, 147). p b (22, 23, 28, 82, S3, 88, SS, 78, 78, S3, SO, SS, 
•*, 104, 103, 108, 1 10, IIS, 121, 128, 133-138, 140, 148, 147, 14S, 187, 18S, 
Pd (*» 4 » *«» *8, 78, 79, 83, 124); p t (S, 7, IS, 17-1 S, 22-28, 34, 3 8, 82-78, 
• #1 * ,7 » ,0 °* ,#1 » *««. »«•» »10, 112, US, 1 18, 120, 1 28-130, 1 32, 134- 


1925 

1919 

190S 

1912 
1908 
1893 
1922; 24 

1919 

1921 

1913 
1919; 20 
1924; 26 
1908 

1924 

1925 


0.05 % ca. 
Pure 

Some H«SiO«* 
<0 01 % (Fe. C) 
Pure 
< 0.01 % 

<0 01 % 
< 0.01 % 

<0 01 % 


tr (Fe, Si) 


Form and siie 
W 

Wo.oi(D) 

Woo»(D) 

W 0 oi( D) 

W o o»( D) 
Wo.i(D) 

W 

w 

w 

w 

Wo. ii 

Wo ot(D) 
Wo.oi(D) 
Wo.oi(dr) 
Wo.oi(dr) 
Wo.oi(dr) 
Won 
W'o.u 

L’Go.i to i (d) 
Gio to »(d) 

fwo 

Wi(r) 

Rji(c) 
Cryst _L H H 
B 

W*o.«(ex) 

S(t) 

Wo «o(ex) 

8.0, (FW) 
Wo.u(ex) 


An- 

nealed 

Clo5 
Glo 5 

Gloj 
GloJ 
Glo§ 
800° f 

Ves|S 

Yes § § 
Yes 5 5 

Glo § } 
Glo 5 § 
Glo§§ 
Glo5§ 
Glof } 


IQOfl/^o 

r- 182.95°| - 192° | — 252.76°! — 268^88° 

I I I 0.600s i 


25 823 


2.153 


25.449* 21.584* 1.771* 1.224* 


25.420 1.775 

25038 21.136 1.219 

24.808 20.901 1.000 

24.5 20.60 0.60 

24.700 20.78 0819 

24 682 20 76 0 806s 

24 528 20.60 0 610 

24.90 

25.080* 21.169* 1.298* 
25.176 21 262 

25.662 21.788 1.906 

25670 21.797 1.920 

25.463 21.577 1.639 


0.788* 


600° 


25.176 

25.062 

26 670 
25.463 
25 . 723 
25 563 
28 1 
23 a* 
16 4 
20 1 * 

27 3* 

25 3* 
288* 

26 0 
20 4 

25 83 
25.39* 

26 28 
25 36 


21 697 
25.6 
21.a* 
116 
16 19* 
24.4* 
22.5* 

304* 

22.4 

22 5 
22 25 
21 80* 
22 65 
21 66 


1.906 
1.920 
1.639 
2 068 
1.873 


1.550 
1 372 


Lit. 

' (.50) 

('») 

(1 •» *7, 9 7, «*7, 
160) 

(*•) 

(>7, IS, S7) 

(17, IS) 

(7i, 7 S) 

(SS, SS) 

(SS, SS) 

(S8, SS) 

(•') 

(SI, ISO) 

(*•) 

(»•) 

(«•) 

(SS) 

(1 ST, IS*, ISO) 
(1ST, IIS, ISO) 
(52, 83, 84) 

(87) 

( ,J ) 

(TS, *3) 

(*') 

(IS) 

(S3, S4) 




(*•) 

1.21 

0.052 

(137, 

1 . 18 

0.075 

(ISS) 

1.15* 

0 . 100* 

(117, ISS, ISO) 

1 22 

0.079 

(1ST, ISS, ISO) 

1.20 

0.079 | 

(104) 


Th 

< 0.01 % 
<0 01 % 
<0 01 % 
tr. C 
0.1 % 
0.1 % 
0.12 %W 
0.03 %W 


Fil 

B» to i, t » 20 to 30 
Pi Mil 
B 

Wo. 7 (cp) 

W 0 . j(ex) ••• 
Wo.i(ex) 

File i 
W(crl) 

W 

W (ex) 

W 

Wo.i(cd) 

B 

□ Bo. u,o.ii 

□ B*. h,o.ii 
8 (FW) M 
W(crl)M 


2200 ' 


2500° 


33.2* 

61 

59 1 * 
164* 

27 7 
27.85 
27.76* 
19.4* 
28. 1 
19.42 


200 ° 

ttt 


25.8 

25 96* 
56o 

77 90 
76.22 
26.2* 

26 9 


29.78* 

59 

57.8* 

170* 

24 5 
24.62 
24 54* 
15.63* 
24 58 
15.04 

21 48 

22 00 
22. 16* 

76o 

76.56 

74.81 

22.9* 

23.6 


60.4* 


3.07 

2.99* 


0 168 
0.084* 


1 56 
1.05 
1.37* 


(TS, S3) 

(81, 14) 

(4, 127) 

(S3, *4) 

(IS) 

(I3S, I S 7, 181) 
(IBS, I 8 7, IIS) 
(TS, S3, 

(”) 

(SS) 

(14S, 147) 

(TS, 7S, S3) 


0.656* 


T0.4ICQ/ ttt 25 96* 22.16* 1.37* 0.656* (I it, i is, iso) 

B 56o 76o (S3, S4) 

Bo h^i.i, 2400° 77 90 76.66 ' (»«) 

B*. i ,,o. I, 2400° 76.22 74.81 (*«) 

[FW)M No 26.2* 22.9* (Si) 

r(crl)M 1600° 26 9 23,6 (M) 

ft "ound on mica cross. JJ Wire enclosed in sealed glass tube. H And 
immersed in liquid H. AO Crystal split parallel to base; current passes ± to 
c-axis. 11 Circular plate 1 .88 mm thick, 10 mm diameter, cast in a steel mold. 

♦** Specimen has a joint, ttt Heated: 150 to 200°C, and hammered. 


tt Wound on mica cross 
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Table 1.— Electrical Resistivity ( p ) of Single Crystals of 
Metals between 0 and 100°C, and the Effect of 

Pressure (>3) 

PI - Pi'll + «(10)-*d -O). If fto = resistance of a given 

crystal at 0°C and 1 atm, = a(10)-. ||, ± indicate the 

direction of the current with reference to the crystallographic 
oaxis. t, t' -= centigrade temperature, °C. Unit of p = 10~ 4 
ohm cm; of P - 1 kg/cm« = 14.22 lb./in. 3 * 0.968A*. 



136 


INTERNATIONAL CRITICAL TABLES 


Table 2. — Electrical Resistance of Pure Metals at 
Temperatures Above -80°C: Poltcrystalline 

Metals 


l 


i 


( 

» 


ri for a liquid = resistivity (p,) at temperature, t. 

r, for a solid = resistance at temperature, /, of a specimen which 
at room temperature (/*) has a length (in direction of current) * 
1 cm, and a uniform transverse sectional area = l cm 2 . If the 
coefficient of linear thermal expansion is a, p, *= n[l + aR — /*)), 
the unit of p being 1 ohm cm if the unit of r is 1 ohm; r t is frequently 
called the resistivity; it would be better to call it the apparent 
resistivity. 

r, *= r, [1 + a(t - (')( 10)~ 3 -f 0(t - n s (10)“«J if 

(A) « aged = seasoned; (an) = annealed, (av) = average, or 
mean value, com <= commercial, cp = “chemically pure,” (dr) * 
drawn, elec * electrolytic, fil = filament of incandescent electric 
lamp, graph = graphite, (hd) =* hard drawn, I ACS = Inter- 
national Annealed Copper Standard, Kb = material obtained 
from Kahlbaum, / = liquid, MS = Matthiessen standard, p = 
pure, pp = very pure, R «= room temperature, 8 = solid, id = wire. 

Example : What is the apparent resistivity of annealed com- 
mercial conductivity copper at 700°C? From the table we find 
ft • — 1.72, V ■* 20, a = 4.1, 0 = 0.43; hence at 20° the resistivity 
is 1.72 X 10"* ohm cm, and^at 700°C r 70 o * 1.72(1 + 0.0041 X 
(700 - 20) + 0.000 000 43(700 - 20)*1 X 10" 4 = 6.86 X 10' 4 
ohm cm. 


Centigrade temperatures. °C. Unit of rp =* 10“ 4 ohm 


l 


rt 


0 


(i 


Remarks 


Ag 


A1 


As 

Au 


Be 

Bi 


Ca 

Cd 


Co 

Or 

Cb 

Cxi 


Fe 

Ga 

Oe 

Be 


20 
060 
1000 
0 
20 
20 
20 
657 
20 
0 

1063 
20 
0 
269 
269 
0 
25 
0 
1400 
0 
0 

20 
321 
0 
0 
0 
28 
20 
20 
20 
20 
20 
1083 
1083 
0 
20 
0 
30 
0 

-50 
0 


1.622 . 
8.4* 
17.01/ 
2.62 
2.820 
2.67 

20.13/ 

35 

2.19 

30.82/ 

10.1 

106.5 

267* 

127.5 / 
4100 
4600 
1375 
825 
4.27* 
6.83 

7.143 

33.771 
5.505 
2.6 

18.83* 
36.4 / 
1.78 
1.72 
1.7241 
1.7213 
1 . 6925 
10 . 2 « 
21.3 / 
8.53 
0.78 
53.4s 
27.2/ 

89 X 10* 
21.30* 

04.0771 


3.61 

0 69 
4.46 


4 21 
0.51 
8u 
3.65 

0 49 

3.91 

0.428 
-0.536 

-0.287 
+0.174 
a. 642 
3.733 


0.0802 
5.51 
P< 
4.78 
3.5 
3.8 
4.1 
3.93 


4.0 

0.265 
7.257 

3.46 
2.76 

X 

5.84 
0.90081 


04.0766/ I 0.8862 


U 1 
lr I 


0 

0 


8.37 

6.08 


4.77 

3.67 


Lit. 



-80 

400 

p 

(•') 





( 47 ) 


960.5 

1340 


( 47 ) 

1.8 

-80 

400 

Kb 

(•>) 




com(hd) 

(*•) 




(an)wpp 

(t«, 7.) 


15 

30 

(hd)trpp 

(”) 


657 

1100 


(* 4 ) 

ned 

-80 

1000 

P 

(") 

(1*. «1. 





••) 


1063 


P 

(*•) 





(*•) 

5.8 

-80 

250 

dec 

(14, ••) 
(•4, 44) 


269 

750 


(*•) 


-80 

100 

fil (av) 

(«) 




a 

(40) 


0 

1400 

graphf 

(40) 


1400 


graphf 

(40, 


0 


09 67 % 

(”) 

3.69 

-80 


(av) 

(BI, 44, 

«•. TT) 




PP 

(*•) 

0.679 

321 



(••) 

5.3 

0 

09.91 % 

(*•) 

cred 

-80 

25 

(av) 

( T *) 

(47, 41) 


28 


(AT) 

(47, 44) 


-30 


(hd)com 

(41.41) 

0.43 

-80 


(an) com 

(44, IS) 




LACS 

( 44 ) 





(41,41) 




elec 

(41,41) 

(•*) 


1083 



(••) 

9.63 

0 


Kb 

(••) 




90.983% 

(*•) 


0 



(”) 


30 



( 4T ) 

X 

-80 

100 


( B ) 


-80 

m 


(”) 

0.811 

-30 


(•. 





4T > 

1 . 1057 

0 


(av) 

(44, 44, 





40, T«) 


-10 



(*», 


-80 



<* T > 


Table 2. — ( Coyitinued ) 



l ' 

1 r »' 

1 * 

1 0 

T— — 

i 

| h 

I Ren urkft 

Lit. 

K 

0 

6 15* 

1 5.814 

I 15.3 

| 

-80 

1 * 

) 

(34, 44; 


62.5 

13.0/ 

4.02 


62./ 

>i 35C 

) 

• 

(4. 40; 

Li 

0 

8 . 55 

. 4.747 

, 1.03 

-80 

1 ,0f 

) 

(IT.) 

Mg 

0 

4.27 

I 3.88 

j 0 74 

•-V) 

40C 

v, 

(•») 

0 

20 

1 4.461 

1 

i 

I 

• 

1 

6 

1 

1 

(* T ) 

Mn 

R 

82 

1 


1 

1 

• 

cp 

f*0; 

Mo 

0 

5 1 1 

| 4.791 

0.340 

0 

(2622 

PPl 

(«) 


0 

5.14 

| 4 02 


1 0 

| 200; ; 

(•*) 

Na 

0 

4.2* 

5 . 087 

0.10 

I 

j — yQ 

do; 

(34, 13) 

Ni 

0 

0.93 

1 5.41 

0 0 

1 -so 

1 100. c!«*c 

(”> 


20 

7.236 



t 

i 

i 

(an>pp 

(•S 


450 

28.00 

0.827 


450 

'1000 

cite 

( 4 ») 


1451 

108.0/ 

0.103 

• 

1451 

>1650 


(•) 

Pb 

0 

19.8 

3.055 

2.65 

— 80 

300 

(av) 



20 

20.63 





P 

( 74 ) 


327 

94.75/ 

0.482 


327 

iiooo 


(40. 44) 

Pd 

0 

10.00 

3.610 


-80 

200 

(av) 

(3* 23, 







j 


44 ) 

Pt 

0 

11.19 

3.52 

-0.55 

— 80 

400 


(41) 


0 

9.83 

3 981 

-0.585 

-80 

J1000 

Pll 

(3t. II) 

Rb 

0 

11.3* 

5.53 


-80 

| 35 

.(av) | 

(34, 41) 


50 

23. 15/ 

3.73 


50 

100 

• 

(•*) 

Rh 

0 

4.70 

4.235 

-1 85 

-80 

200 


( l7 ) 

Ru 

18 

lo 

(Only 1 significant figure; 


( 4 ) 

Sb 

0 

39.0 

4.144 

6.2 1 

-80 

20 

* 

(*») 

Sn 

0 

10.48* 

4.359 

2.4 

-80 

230 

(dr) 

(44,^4) 


232 

47.4/ 

0 565 


232 

1000 

(av) 

(It (•> 









••) 

Sr 

20 

22.76 





deo 

( M ) 

Th 

20 

18.62 



• 



(B«) 

Ti 

0 

37o 

-3.52 

14.0 

-80 

250 

Ti - 

( 4> ) 


500 

67o 

+ 3.38 

8.0 

430 

580 

Ti - 0“ 

( 4> ) 


650 

60o 

-0.89 

2.2 

580 

780 

Ti - y 4 * 

( 4 ») 

Tl 

0 

17.65 

4.051 


-80 

100 


(») 

U 

18 

00 


(U + 




( 4 ) 





xUiCi) 





W 

0 

5.00 

5.238 

0.7tt 

-80 

3300 

fil(A) 

(44, 13, 









•*) 

Zn 

0 

5.64* 

3.468 

1.16 

-80 

400 


(*» ••) 


20 

5.916* 





(an)pp 

(••) 


418 

37 . 39/ 

-0.2785 

0 40 

418 

850 


(••) 

Zr 

0 

164 

MEM 

KE31I 

-80 

30 

09.9% 

(*•) 


• Furnace electrodoe. 
t Acheeon graphite furnaco electrode*. 


aa 6438 • 

X T, - At*. for Ge, A - 17 766. B - — + 0.004567(1 + 273). 

t + 273 


| Seasoned wire. 

|| In the Callendar equation (Vol. 1, p. 54), t — 100 


( 8 -* ) - 
- tt%) 

IY-l-A-li.,- 

L\100 /lopj 


1.40. 


7 Cast 0b. Above R, behavior is erratic; results discordant (•» ••)» 

•* Only two significant figures; for Ti-«, only ons significant figure if t 9*0. 

ttn - r*(l + «<( 10 )-« + #»(10)-« + Y /«( 10 )-«);y - 0.062. 


Table 3. — Effect of Htdbostatic Pressure upon Electrical 
Resistance of Metals between 0 and 100°C 

For single crystals, see Table 1 

Pressure range is 0 to 12 000 kg/cm* unless another is stated. 
R*, R p *■ resistance of the specimen at temperature, i, under 

pressure — 1 atm. (essentially 0), and P , respectively. Rp * 
fl,(l +• a(10)~*P +- b(10 )“*P*. Literature references are enclosed 

in ( ), are usually in the first column, and, in general, each refers 

to all the data given for the metal indicated. 

Example: A bar of Bi at 25°C and 1 atm. has a resisUnce of 
0.01173 ohm; a - 16.30, b - 4.17, n - 10, hence at P - 8000 
kg/cm* and 25°C, this same bar would have a resistance of 
R.om * 0.01173(1 + 16.3(8000)(10)“* + 4.17(8000)»(10)-'"1 - 
0.01173(1 + 0.1304 + 0.0267) - 0.01357 ohm. t - centigrade 
temperature, ”C. Unit of P - 1 kg/cm« - 14.22 lb./in.* - 0.966 

atm. 
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Table 3. — (Continued) 


t 




Table — 3. ( Continued ) 


0 

25 

50 

75 

100 

0 

25 

50 

75 

100 


A«* (») 

- 3.625 

- 3.663 

- 3.63* 

- 3.681 

- 3.664 
Al* (10) 

- 4.50 

- 4.45 

- 4.42 

- 4.43 

- 4.41 



2.44 

2.67 

2.76 

2.60 

2.51 

3.08 

2.64 

2.36 

2.86 

3.50 



A* (•) 



(?) 

- 3.26 [ 


1 


Au* (7) 



0 

- 3.064 

1.60 

11 

25 

- 3.100 

1.80 

11 

50 

- 3.112 

1.81 

11 

75 

- 3.120 

1.78 

11 

100 

- 3.115 

1.64 

11 


Bi (7) 



0 

+ 10.50 

4.81 

10 

25 

+ 16.30 

4.17 

10 

50 

+ 15.92 

4 03 

10 

75 

+ 15.67 

3.75 

10 


( 8 )t 



275/ 

-12.9$ | 

2.8$ 

|10 


C* (•) 



0 

+ 7 51 ! 

-2.9(5 

10 

60 • 

1 

+ 4 01 . 

I 

-2.25 

10 


Ca* (•) 

0 +10.28 2.19 

25 +10.17 1.94 

50 + 9.92 1.80 

75 +,9.33 1 94 

100 + 9.25 1.80 

Cd* (7) 

0 -10.83 1.57 

25 —11.12 1.68 

60 —11 • 34 1.78 

75 — 11.51 1.88 

100 -11.65 1.96 

Co* ( 10 ) 

30 |- 0.934 1 

Cs;. net Fig. 1 
Cu* (7) 


0 

- 1 972 

1.17 

11 

25 

- 1.945 

1.11 

11 

60 

- 1.916 

1.00 

11 

75 

- 1.899 

0 97 

11 

100 

- 1.872 

0.86 

11 

0 

Fe* (7) 



- 2.405 

1.19 

11 

25 

- 2.440 

1.29 

11 

50 

- 2.473 

1 37 

11 

75 

- 2.505 

1 46 

11 

100 

- 2 . .540 

1 56 

11 


Ga*f («) 



30/ | 

- 6.80 

4.0 

in 

65/ 

- 6.10 

6.0 

'll 

100/ 

- 5.78 

2 8 

in 


Os - 
01 - 
25 
50 
75 
100 

0 

25 

50 

30 I- 


Hgf (*) 

23. 3§ 

31.92$ 

31.60 

32.00 

32.75 

34.30 

In (7) 
12.11 
12.84 
13.54 

Ir <«> 

1.74 I 


1.97S 10 
1.038$ 9 
0.840 9 

0.840 9 

0.850 9 

0.960 9 

1.58 10 

1.94 10 

2.28 10 


d d T 6115 — 0.107P 

Rp Ro [ 6nr+p~ 

at 0°C (*«) 

U* (•) 

0 to 100 |+ 7.72 | 

Mg (•) 

0 - 4.080 

50 - 4.065 

100 - 4.018 

Mo* (7) 

0 - 1.327 3.45 

25 - 1.324 3 56 

50 - 1.319 3.67 

7. r - 1.315 3.78 

1C' - 1.3121 3.89 

Na («) ' 

20a -51.5 1.78 

00a -61.7 2.15 

100a —65 0|| 2.6|| 

Ni (10) 

0 - 1.880 4.14 

25 - 1.909 5.5 

50 - 1.934 6 89 

75 . - 1.957 8.25 

100 - 1.975 9.64 

Pb* (7) 

0 -14.32 1.83 

25 -14.72 2.08 

50 -15.11 2.33 

75 -15.52 2 57 

100 -15.92 2.82 

Pd (7) 

0 - 1.965 5.8 

25 - 1.967 6.7 

50 - 1.959 6.7 

75 - 1.941 5.8 

100 - 1.916 4.4 

Pt(7) 

0 -1.075 8 75 

25 - 1 962 8.33 

50 - 1.949 7 86 

75 - 1 936 7 92 

100 - 1 923 7 09 

Rb 

p _ p T 4431 + 0.1154P1 
Rv ~ R i ~ 4431 + P~ J 
at 0°C (14) 


3.45 

3.56 
3.67 

3.78 
3.89 

# 

1.78 
2.15 
2.6|| 

4.14 

5.5 
6 89 
8.25 
9.64 

1 83 
2.08 

2.33 

2.57 
2.82 

5.8 

6.7 

6.7 

5.8 

4.4 

8 75 

8.33 
7.86 
7.92 

7.09 


12 

12 

12 

12 

12 


12 

12 

12 

12 

12 

10 

10 

10 

10 

10 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 


Rv 


Rb. 

* Ro 


-(Continued) 
3525 + 0.1168P 


R u = 




30 

0 

25 

50 

75 

100 

0 

25 

50 

?5 

100 

0 

50 

100 

0 

25 

50 

75 

100 

30 

0 

50 

100 


1.0 


09 


0.8 


Q? 


L 3525 + P 
at 35°C (14) 

Rh (it) 

|- 1.74 | 

Sb* (7) 

+ 12.20 
+ 11.07 
+ 9.94 
+ 8.81 
+ 7.68 
Sn* (7) 

-10.40 1.00 

-10.66 1.15 
-10 92 1:30 

— 11 18 1.46 

-11.44 1.61 

Sr (8) 

+48.93 1.59 

+42.92 1.54 

+39.17 1.55 

T! (7) 

-13.44 1.61 

-13.99 1 95 

-14.67 2 29 

- 15.18 2 63 

-15.81 2 96 

U (10) 

|- 4.36 | 

W* (8) 

- 1.346 

- 1 340 

- 1.368 


0 

25 

50 

76 

100 


Zn* (7) 

- 5.40 
5.404 
5.430 
5.472 
5.524 


5.8 

6 42 
7.00 
7.58 
8.17 


11 

11 

11 

11 

11 



Zr* (8) 

0 

- 0.5 

0 

- 0.398 

95 

- 0.396 


10 

10 

10 

10 

10 


10 

10 

10 

10 

10 


* “ IVIIVWB Ag «*» 'JV.V t 

Al - 99.970% + 0.014 % Bi + 0.007 % 
Fo + 0.003 % Cu. Au » 99.97 %. 
C, for 0° ■> Acheson graphite; for 60° 
- purified Acheson graphite. Ca «=■ 
99.9+%. Cd is Kahlbaum’a “K.” 
Co - 99.73 % +0.14 % Fe + 0.019 % 
8 + 0.02 % Si + 0.09 % C + 0.00 % 
Ni. Cu - 99.995+ %. Fe ~ 
99.97 %. Ga - 99.99 + % + tr. Zn. 
Li contains 0.7 % Al + tr. Fe. Mo - 
©9.8 %. Pb - 99.999+ % + tr. Cu, 
Ag. 8b - 99.45 % + tr. As, Fe. no 
other metals. 8n is Kahibaum’a 
•*K.” W - 99.97%. Zn is Kahl- 
baum’s “K;" tx. Cd. Fe, Pb. Zr for 
first line contains 1.8 % W; for other 
two 0.0 % W. 

t Data for Ga. Hg, and liquid Bi 
have been corrected for oompmaion of 
specimen, and the recorded coefficient* 
refer to the renatwilv of the material, 
not to the resistance of the specimen. 

I For P -= 7000. 

6 For 7040 ^ P ^ 12 OfX); Pp ~ 

pmo (1 + a(10 ~«(P - 7640) + b 
(10-"(P - 7040) *|. 

II For 1000 ^ 12 000; - 

tfiooo (1 + a(10)‘«(P - 1000) + 

b(10)-»(P - 1000)*). 


n 


07 ° P— ^c£> woo ' 

F.a l.-Effect of procure upon electrical resistance of cesium (.») 
Dait of P - 1 kg/cm 1 - U.223 Ib./ia.* - 0.9678 atmosphere. 

Table 4,-ErFEcr op Tension- upon Electmcal Resistance 

op Pure Metals (®, it, 14) 

R °’ R. = resistance of a given specimen when tension = 0 - <7 

respectively. Po , * - resistivity of a given material when t^ion 

0 S, respectively. Temperature is the same for It 
for R„ a(10)-. = (R. - R u)/R ^, a(l0) -T™ V ' “ 

5 = value of S which corresponds to tabulated values of ft- and 
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if ail values of S from 0 to S' lead to same values for a and a, a t is 
placed after the value of S'; in this case R $ - B 0 (l + a(10)”*S) 

P. - po(1 + a(10)~*S) if S Z S'. Unit of S' *= 1 kg/cm* = 14 22 
Ib./in.* 

I. longitudinal effect, stress parallel to current 


A3 



Agf* 73 ) 


6.04 

2.86 

6.3 

4.0 

6.17 

3.87 

-29.2 

- 3.65 

8.37 

0.8 

0 994 

0.19 

2.66 

1.3 

3.03 

1.7 

2.51 

1.80 

2.53 

1.82 

4.8 

11 

- 2.53 

- 3 3 

3.19 

1.66 

3.05 

1.62 

2.82 

1.78 

5.0 

3.0 

- 8.3 

-21.2 


pe 


rre 


Purity 


Pd 99.9% 

P* 99 9 + % 


• Purity m follows: A1 > 90.97 %; Au > 99.9 %; Bi - 99.97 % + 0.03 % 
A#: Co - chemically pur«: Co • 08.71 % + 1.15% Fe, 0.14 % Si. 0.012% 8* 
0.039 % C; Cu > 99.995 %; Fo > 99.97%; Ni >99%;Pt >99.9%;8r >98%. 

t Vohwo of a and a oroandependent of S if S £ S’; for Li, if 0.015 k S ^ S'. 

EFFECT OF IMPURITIES UPON JHE ELECTRICAL 

RESISTIVITY OF METALS 

In each of the following figures each curve represents the 
variation of the resistivity of the metal named at the top of the 
figure with the amount of the impurity named upon the curve. 
The abscissae denote the per cent by weight of the impurity and 
the ordinates denote the values of p</po at room temperature; 

po the resistivity of the impure, of the pure material, respec- 
tively. Numbers in ( ) are literature References. 

Example: From the curve showing the effect of Co upon the 
resistance of Cu, it is seen that the addition of 2.0% of Co corre- 
sponds to a relative resistivity Wp») of 6.0; that is the resistivity 
(p<) of this impure Cu is 5.0 times as great as that (p 0 ) of pure Cu. 

5.0 


AO 




2.0 



t 0 2.0 3.0 

PER CENT IMPURITY 


A0 


S.0 




3.0 


l 


Z 0 


50 


10 Z0 30 

PS R CENT IMPURITY 


A0 


50 
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Owing to the remarkable effect of light upon Se and to the 
chemical analogy of Se to 8 and to Te, it is convenient to devote 
a special section to the electrical resistivities of these three sub- 
stances. Not only their chemical analogies, but also the differ- 
ences in their resistivities and in their response to light, may be 
interpreted in terms of the outer electronic structures of the atoms 
( 17 ). In general the resistivity depends upon the potential 
gradient (dV/dx) (L 8 ); those tabulated below refer to relatively 
small values of the gradient. 

Symbols 

/ == intensity (energy) of illumination; it, i.t = current when 
illuminated, when in the dark; P = pressure; t = temperature, °C; 
t R = room temperature; V = applied potential; 6, c, k = factors 
of projortionality; X = wave-length of the illuminating radiation; 
p = resistivity. 

RESISTIVITY ( P ) IN THE DARK 


P * 1 kg/cm*; p « A x 10?. Unit of p = 1 ohm-cm 


Element 

Form* 

‘ ! 

A 

| n Lit. 

8 

Orthorhombic <* 

20|1.91 

J7 

( 7 ) 


Orthorhombic a 

30i3 90 

I 10 

(D 


Monoclinic D 

09'3.93 

1 

1 15 

( 9 ) 


Monoclinic ft 

1 12)7 39; 

: 12 

( 9 > 


Liquid 

1 30.2 0 

1 10 

(31) 


Liquid 

300 2 8 

8 

(20) 


Liquid (see also p 

440; 

7.7 j 

0 

(20) 

be 

1 

Vitreous 

*/? 1 

8 0 

0 

( 27 ) 


Yit reous ’ 

22A 2. 

7 

(18'. 


Hexagonal J_ t 

201 0 

** 
4 1 

(L 


Hexagonal || § 

24| 

1 93 

fi 

(.8) 


Annealed H 

tR 

4.0 

5 

^2 7. 30) 


Annealed ]1 ! 

| 2214.43 

5 

(18) 


A. M. MacMahon 


Element 

Form 

t 

.4 

n 

I Lit. 

Se. — ( Continued ) 

Liquid 

390 

7.66 

4 

( 21 ) 


Liquid 

437 

2.23 

4 

( 21 ) 


Liquid 

540 

2.24 

3 

( 21 ) 


Liquid 

690 

8.8 

1 

( 21 ) 

Te / ! 

ect 

20 

2.5 

-1 

( 14 ) 


ft 

20 

5 9 

-3 

( 14 ) 

• 

a -f 0** 

-200 

4.9 

• 

-2 

( 13 ) 


cc + 

-100 

6.7 

-2 

( 13 ) 


a -f 

+ 55 

1.2 

-1 

( 13 ) 


« -f ft** 

100 

9.8 

-2 

( 13 ) 


a A- ft** 

200 

4.7 

-2 

( 13 ) 


a -b ft** 

300 

6.0 

-3 

( 13 ) 


a -f- ft** ( see also 

400 

9.0 

-3 

( 13 ) 


p. 129) 






*P - 1.5 kg/cm*. 

t Current 1 long axis, P email; at P - 150 kg/cm 1 , p - 10». 

t; 0.63% per 1°C. 

5 Current || long axis, P 1.05 kg/cm*. - -2.57% per 1°C. 

If Annealed at 200°C. P - 6.15 kg/cm*; - 1 ~ ~ -4 to -6% pe r 1°C 
( *7, 3o )t » -0.817% per 1°C (»*). 

** p(dp)i -o " -0 0129% per kg/cm* ( 2 ). 

EFFECT OF LIGHT 

Sulfur.— For rhombic, or a-sulfur, the form stable at ordinary 

temperatures, ij - i d is very small if d V /dx is small (11); it increases 

with dV/dx to a limiting value at dV/dx a little greater than 

30 000 volt/cm; ii — i d = hi, where k is independent of I (15) 

but varies with X, having a maximum at X = 470m/x ( = 470 X 
10" ' cm). 

Selenium.— Resistivity of crystalline Se is greatly reduced by 
illumination ( 28 ), but the decrease depends upon so many factors 
that it is impracticable at this time to give numerical constants of 
general applicability. The value of £, depends upon the fonn and 
dimensions ol the const.. uent crystals, upon the quality, intensity 
and duration of the illumination, as well as upon the temperature 
pressure and applied potential difference; it varies with X, passing 
through a well-defined maximum in the red («, 23, 26), The 
variation of l, with / is still under discussion (2 3) ; Brown (4) found 

* * ReCent,v Picr * Ql ( 22 ) confirmed the conclusion of 
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Rosse ( 24 ) that ij — id = C\/l, provided / is neither very small 
nor extremely great; here b and C are independent of 1 but 
dependent upon X and other physical parameters. For dependence 
of it upon duration of illumination, see ( 3 * 10 * 16 » 29 ); for a more 
complete bibliography of the entire subject, see ( 5 * 12 » 23 ). 

Typical Data for Selenium Bridges 

Annealed Bridge of the Braun Condenser Type ( 16 ). Useful 
area = 151 mm 1 ; thickness =0.1 to 0.2 mm. Unit of X = 
lm*! = 10“ 7 cm; of I\ = 10" 8 watt/mm 1 ; of V = 1 volt; of id, 
ii = I0“ 4 ampere. 


X 

h 

V 

id 

• • 

a - id 

1 v 

id 

ii - id 

451 

2.83 

5.60 

15.7 

1.09 

11 03 

34.9 

2.23 

529 

4 07 

5.60 

15.6 

1 76 

11.02 

34.7 

3.56 

674 

3.68 

5.35 

14 7 

4 26 

10 70 

33.8 

9.78 


Crystal Bridge (* 9 ). Useful area = 132 mm 1 ; thickness = 0.2 
to 0.3 mm; illumination by gas-filled tungsten (W) lamp, total 
unfiltered radiation; I = 0.5 phot. = 0.5 lumen/cm 1 = 5000 
m-eandle = 464 ft. candle. Unit of V = 1 volt; of id, ii = 1 
ampere. 


V 

id 

ii — id 1 


ii - id 

2.0 

111 X 10“« 

1 80 X 10“« 

20 0| 1 .43 X 10-» 

1.56 X 10" 1 


Tellurium. — Some observers, neglecting effects due to the high 
thermoelectric power of Te with respect to other metals, have con- 
cluded that the resistivity of Te is affected by illumination. Care- 
ful investigation shows that this conclusion is incorrect ( 18 ).- The 
absence of such an effect is in agreement with a recent interpretation 
of the low resistivity of Te ( 17 ). 
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THE ELECTRICAL CONDUCTIVITY OF PURE NON-METALLIC LIQUIDS 1 

J. R. Partington 


Abbreviations. — “Non.” =a “non-conductor.” « = conduc- 
tivity in ohm -1 cm -1 . 

Elementary Substances* and Atmospheric Air; A -Table 


Substance 

t, °C 

« = AX 10-" 

Lit. 

A 

n 1 

Br 

17.2 

13 

14 

(30); C f. (» 22 , 144); 





Fig. 6 

Cl 

— 70( ? ) 

<1 

16 

(81) 

I 

110 

13 

11 

( 36 > 14 3 ); cf. Fig. 6 

P 

25 

4 

7 

( 3 L 38 ); cf. Fig. 7 

S 

115 

1 

12 

(37) 


130 

5 

11 

(135) 


440 

12 

8 

(« 7 ) 

8e 

v. p. 141 




Air 


ca. 0 


(27) 

Air under Ra rays. . 


'13 

15 

(27) 


* Except data below -80°C, for which r. p. 124. 


Chemical Compounds, B-Table 
Standard arrangement; v. Vol. Ill, p. viii 


Substance 

t, °C 

« = A X 

10~" 

Lit. 

A 

n 

H,0 

18 

4. 

8 

v. p. 152 

HC1 

-96 

1 

8 

( 2 ) 

HBr 

-80 

8 

9 

0) 

HI 

B. P.(?) 

2 

7 

(114) 

SO,; cf. (I®, 1 9 , 

-15 

9* 

8 

(34) 

31, 132, 133) 

(?) 

<5 

8 

(13) 


35 

15 

8 ; 

( 4 ) 

SO, 


“Non.” 


(122) 

H,S 

B. P.(?) 

1 

U 

(•••*); Cf. (H4) 

H*SO< 

25 

l 

2 

( 7 ); cf. f 4 ® ) 


1 F.xcept fua#«l aa!r.*, for wrh - e « p. 147. 


&-Table. — ( Continued ) 


Substance 

t, °C 

« « A X’10"* 

Lit. 

A 

1 n 

S,C1, 

25 

“Non.” 


(122) 

SOC1, 

25 

2 

6 

(122) 

SO, Cl, 

25 

3 

8 

(124) 

SO,OHCl 

25 

16 " 

5 

(123) 

SeOCl, 

25 

2 

5 

(04) 

SeOBr, 

45 to 50 

6 

5 

(78) 

NH,; cf. (I®, » 9 ) 

-33 

<1 

8 

(39, 40) 


-79 

13 

8 

(41) 

2H,PO,.H,0 


ca. 1 

2 

(97) 

PCI, 


> “ Non.” 


(122) 

POC1, 

25 

22 

7 

(122) 

PBr* 


“Non.” 


(122) 

As Cl, 

25 

12 

7 

(124) 

AsBr, 

35 

15 

7 

(123) 

SbCl, 

75(?) 

85 

8 

( 73 ) 

SbCl* 


“Non.” 


(122) 

Sb^, 

See Fig. 8 



(75) 

Carbon compounds, v. infra. 




SiCh 


“Non.” 


(122) 

Si(OCH,) 4 

25 

16 


(84) 

Si(OC,H 5 )« 

25 

<3 

8 

(04) 

GeBr* 

30 

78 

6 

(30) 

SnCL. .... .... 


“Non.” 


(122) 

Os0 4 

40(?) 

<1 

11 

(134.5) 

Ni(CO)« 

% 

1 

***' 1 

(05) 

BC1, 


“Non.” 

1 

(122) 

B(OCHa), 

0 

5 

6 

(127) 


25 

6 

6 


NaOH, KOH 

400 to 600 



( 3 ) 


* Probably high. 
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Carbon Compounds; <£ -Table; v. Vol. Ill, p. 
Natural oils at end of table; for anisotropic liquids, 


viu 

v. (* 16 ) 


<£ -Table. — ( Continued ) 


Formula 


Name 


t, °C 


A X 10-- 


Lit. 


CBrN. 

CCU.. 

CCUO 

CN4O. 

CSt. • • 


CHBr* 
CHCh 
CHN . . 


CHsOt; rf. ( 17 * 

• 1, 10«, 107, 
1*.) 

CHiI 

CHjNO. 


Cyanogen bromide 
Carbon tetrachloride 
Carbonyl chloride 
Tetranitromethane 
Carbon disulfide 

Bromoform 
Chloroform 
Hydrogen cyanide 

Formic acid 


CH.NO 


Methyl iodide 
Formamide 


Nitromethane 


CHjNO. 

Methyl nitrate 

CH.O; cf. (»•. 

Methyl alcohol 

19, «0, tl, 9., 


102, US, 121) 


CH.N 

Methylaminc 

C,N, 

Cyanogen 

CjHBriO 

Bromal 

CiHCliOi 

Trichloroacetic acid 

C*H, 

Acetylene 

CtHiBrtO 

Bromoacetyl bromid 

CiHtClsOt 

Dichloroacetic acid 

CtHiBrO 

Acetyl bromide 

C 1 H 1 CIO 

Acetyl chloride 

C.H.CIO, 

Chloroacetic acid 

CtH.N 

Acetonitrile 

CaH.NO 

Glycolic nitrile 

C.H.N8 

Methyl thiocyanate 

C 1 H 1 NS 

Methyl isothio- 


cyanatet 

C 1 H 4 CI 1 

1, 1-Dichloroethane 

C 1 H 4 CI 1 

Ethylene chloride 

CtHiBn 

Ethylene bromide 

C,H.O 

Acetaldehyde 

C 1 H 4 O 1 ; cf. («•• 

Acetic acid 

49, 5 5, .9, 


70) 


C.H.O, 

Methyl formate; tee 

C.H.08 

Thioacetic acid 

C,H»Br 

Ethyl bromide 

C.H.I 

Ethyl iodide 

CtH.NO 

Acetamide 

C 1 H 1 NO 1 

Ethyl nitrate 

C.H.O; cf. (>■► 

Ethyl alcohol 

It, 25, 44, .1, 


• lIT t lit, 


iao) 



55 

18 

25 

18 

25 

25 

0 

18 

25 

25 

0 

10 

25 

0 

18 

25 

25 

(?) 

18 

20 

25 


25 

25 

60 

0 

0 

25 

0 

25 

0 

25 
60 

0 

20 

26 
0 

2J> 

0 

25 

50 

25 
25 
19 
0 
15 
20 . 
0 
18 
25 
30 
40 
(?) 
;. 3 

0 

25 

25 

25 

100 

0 

25 

0 

18 

25 


ca. 2 
4 
7 

" Non.”* 
73 

< 2 
< 2 
33 


56 

64 

< 2 
18* 
18* 
4 

44 

6 

54 

45 
4 

44 

58 

22 

ca. 7 
< 7 
8 

3 

62 

Non.” 

73 

4 
7 
2 

24 

35 

4 

14 
1 
7 

10 

52 

83 

13 

15 
3 


• • 


\ 


<17 
3 

< 2 
14 
17 
55 
5 

5* 

11.2 

8 

14* 

8 

30 
27 
< 2 
< 2 
<43 
23 
53 

15* 
04* 
135 


2 

18 

0 

19 

8 

8 

7 

0 

6 

8 
6 

5 

6 
8 

7 

8 

7 

8 
8 

7 

8 

7 
0 

8 
0 

10 

8 

8 

8 

6 

7 

8 
7 

7 
6 
6 

8 
7 
7 
7 
7 

7 

9 

8 

10 

7 

7 

7 

9 

7 
9 
9 

8 
10 

7 

7 

8 
8 
6 
8 
8 

8 

9 

1 1 


( 4S ) 

(•); cf. (**) 
(42.5) 

(127) 

(*); cf. (*»• 
75, 97.2) 

(93) 

(93); c /. (136) 

( ,a# ): cf. (»■• 
19, 22, 68) 

(106) 


(» s );c/. (««') 
(127) 

(129) 

(70) 

(125) 

( 1 1 ) ; c/. (*«. 
95) 

(125) 

(93) 

(•1-5); Cf. («*) 

(117, 

( 10 .) 

(i **•■); cf- 

(127) 

(3«.t) 

<”) 

(.9) 

(••);c/. (•*•») 
(70) 

(•*) 

(124) 

(97.1) 

(127) 

(127) 

(127) 

(127) 

(70) 

(**•); c/..( l0# ) 

( 42 ) 

(127) 

(125) 

(130) . c/ . (6 5) 
(125) 

( 101 ) 

(131) 

( 41 ) 

(1 25, 1 27) 
(127) 

( 4 *) 

(97.1) 

< B4 ) 

(97.1) 

(« 4 ) 

(54) 

(14.5) 

(127) 

(93) 

(93) 

('**); C/. («•*) 
( ,J7 ):c/. 
( I0 >); are 
also Fig. 2) 

(127) 

! ( ‘ 2 1 ) 

>26) 


Formula 

Name 

t, °C 

« - A X 10-« 

Lit. 

A 

n 

CiHeOi 

Glycol 

0 

24 

8 

(137) 



25 

3 

7 

(130) 

CiHiOiS 

Dimethyl sulfate 

0 

16 

8 

(127) 



25 

3 

7 


CtHeNiO 

DimethylnitroBarnine 

0 

12 

6 

(127); C /.(129) 



25 

16 

6 


CjHjN 

Ethylamine 

-33.5 

46 

9 

( JS ) 



0 

4 

7 

(113) 

C.H 40 

Acrolein (not quite 

10 

16 

8 

( i# ) 


pure; had an acid 






reaction) 





C.H.CIO 

Epichlorohydrin 

25 

34 

9 

( ,l7 );c/. (*•’ 






112) 

C.H.CIO* 

Ethyl chloroformate 




(•) 

C.HiN 

• 

Propionitrile 

25 

< 1 

7 

(***); 466 Fig. 
6 

C.H.NO 

Lactonitrile(a-hydrox- 

0 

18 

8 

(137) 


ypropionitrile) 

26 

31 

8 


C.H.NS 

Ethyl isothiocyanate 

0 

87 

9 

(127) 



25 

126 

9 


C.H.NS 

Ethyl thiocyanate 

25 

12 

7 

(137) 

CiHtClsO 

Dichlorohydrin 

25 

12 

6 

(101) 

C.H.O; cf. (*«• 

Acetone 

-15 

11 

10 

(130) 

42, 112) 


0 

6 

8 

(•*) 



18 

2 

8 

(**) 



20 

12* 

8 

(10S) 



25 

6 

8 

(69, 70) 

C.H.O 

Allyl alcohol 

25 

7 

6 

(60) 

C.H.O 

Propionaldehyde 

0 

7 

7 

( 1 * 5 ) ; «/. (*•) 



25 

85 

8 


C.H.Oi 

Ethyl formate, ace Fig. 2 




CiHtOi 

Methyl aoetate 

25 

34 

7 

(» 3 );c/. Fig. 3 

C.H.O* 

Propionic acid 

25 

< 1 

9 

(70) 

C.H.OSt, 

Ethyl xanthogcnate(?) 

25 

< 2 

8 

(93) 

CiHtBt 

n-Propyl bromide 

25 

< 2 

8 

(93) 

C.HtCIO* 

Chlorohydrin 

25 

5 

7 

(101) 

C.H.O 

n-Propyl alcohol 

18 

5 

8 

( 3l ); cf. (#®. 






104) 



25 

2 

8 

(”) 



25 

9 

9 

(") 

C.H.O 

Isopropyl alcohol 

25 

35 

7 

(101) 

CiH»Oi 

Glycerol 

25 

64 

9 

(*•); cf. (*«. 






47, 108, 109) 

C.H.N 

Trimethylamine 

- 33 . 5 

22 

11 

(35) 

C 4 H 4 N 1 

Succinonitrilo 

60 

15 

7 

(125) 

CiHiCliOi 

Ethyl trichloroacctate 

25 , 

3 

8 

(* 7 * 1 ); cf. (•) 

C 4 H.N 0 , 

Methyl cyanoacetate 

0 

3 

7 

(** 7 ); 666 Fig. 



25 

45 

8 

7 

C 4 H 1 NS 

Allyl isothiocyanate 

25 

25 

6 

( #4 );c/. (••) 

C4H6CltOt 

Ethyl dichloroacetate 

25 

7 

8 

(• 7 *>); cf. (•) 

C 4 H 6 O 1 

Acetic anhydride 

0 

1 

6 

(125) 



20 

75* 

8 

(106) 



25 

48 

8 

(I 2 7 ) 

C 4 H 7 C 10 , 

Ethyl chloroacetate 

25 

2 

7 

( • 7 • * ) ; c/. (•<>) 

C 4 U 7 N 

n-Butyronitrile 

25 

12 

6 

(33) 

CiHaBrs 

Butylene bromide 

25 

< 2 

8 

(93) 

C.H.O 

Methyl ethyl ketone 

25 

1 

7 

(95) 

C.H.O. 

Ethyl acetate 

25 

< 1 

9 

(«•* 71 ); Cf. 






(101) 

C 4 HiOf 

Propyl formate; Bee Fig. 1 




C.H.O* 

Methyl pTopionate; see Fig. 3 




C4HpNO, 

Isobutyl nitrate 

25 

< 2 

8 

(» 3 );se< Fig. 1 

C 4 H 10 O 

Ether 

25 

< 4 

13 

(* 7,1 ); cf. (*•» 






19, 21, 42, 76, 






134) 

C 4 H 10 O 

Isobutyl alcohol 

18 

< 1* 

7 

( 3J ); cf. (*o») 



25 

8 

8 

(131) 

• 


25 

95 

10 

(*«) 

C 4 HI 0 O 1 S 

asym. -Diethyl sulfite 

0 

3 

7 

(I 2 7 ) 



25 

5 

7 


C.HioO.S 

aym. -Diethyl sulfite 

0 

2 

7 

(12 7 ) 



25 

4 

7 


C«H 10 O 4 S 

Diethyl sulfate 

0 

16 

8 

(II 7 ) 



25 

26 

8 


C.HnN 

Diethylaminc 

-33.5 

22 

10 

(**) 


Probably high. 


t In the original, the compound in question is called “methylene mustard oil,' 
and the formula “CN.CN8” is given. The boiling point (117°) indicates, how. 
ever, that the liquid is probably inethyl mustard oil. 
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<L -Table. — ( Continued ) 


Formula 

Name 

l, °C 

* - A X 10* 

Lit. 

A 

n 

CiHtOi 

Furfural 

0 

97 

8 

(117) 



20 

11 

7 

( ,0i );e/. ( ,0, y 



25 

15 

7 

(117) 



25 

10 

8 

(IIS) 

CiHtOi 

Citraconic anhydride 

0 

1 

7 

(117) 



25 

2 

7 


CiHiN ; ef. (»». 

Pyridine 

0 

57* 

9 

(94) 

• 1, 80. 96) 


18 

53 

9 

(«) 



25 

< 5 

8 

(”) 



25 

68 

9 

(50) 

C»H7NOt 

Ethyl cyanoacetate 

0 

19 

8 

( ,27 ); cf. (•«) 



25 

19 

8 


CiHaOi 

Acetylacctone 

0 

2 

7 

(117) 



25 

3 

7 


CiHiO« 

Dimethyl malonate 

0 

8 

8 

(117) 



25 

12 

8 


CiH.N 

Vakronitnle 

25 

57 

7 

(101) 

CiHio 

Amylene (fusel amy- 

25 

< 2t 

8 

(91) 


lene) 





C 1 H 10 O 

Isovalcraldehyde 

0 

8 

8 

(111) 



25 

10 

8 


CiHioO 

Methyl propyl ketone 

25 

1 

0 

(•0) 

C 1 H 10 O 1 

Ethyl propionate; tee Fig. 2 




CiHioOj 

Isovaleric acid 

80 

< 4 

13 

(•7.1) 

CtHioOi 

V 

Isobutyl formate; tee Fig. 1 




CtHioOi 

Methyl butyTate; tee Fig. 3 




CtHioOi 

Propyl acetate; tee Fig. 1 




CiHioO* 

Diethyl carbonate 

25 

17 

9 

(101) 



See alto Fig. 2 


CiHuBr 

Isoamyl bromide 

25 

< 2 

8 

(»*) 

CtHuI 

Amyl iodide 

25 

35 

7 

(01) 

C 4 H 11 N 

Piperidine 

25 

< 2 

7 

(•0) 

CiHuNOj 

Amyl nitrite 

25 

19 

8 

(•0) 

CiHiiNOi 

Amyl nitrate 

26 

28 

8 

( ,01 ); IM Fig. 

CiHit 

Pentane 

19.5 

< 2 

10 

3 

(«*) 

CtHitO 

Isoamyl alcohol 

18 

5* 

8 

( 44 );e/. («*• 






• 4) 

• 


20 

4* 

8 

(10«) 



25 

15 

9 

( 71 ) 

CiHitS 

Amyl hydrogen sul- 

25 

< 2 

8 

(•*) 


fide (amylmercaptan) 





CzHi»N. 

Isoamylaminc 

25 

< 8 

8 

( 4T ) 

CtHtBr 

Bromobenzene 

25 

< 2 

11 

( #7,t ); cf. (*«. 






101) 

CzH.NOi; ef. 

Nitrobenzene 

0 

5 

9 

(• 7 -i) 

(14, ee, ••) 


18 

2 • 

7 

(*•) 



20 

< 2 

10 

<«*) 



25 

< 2* 

8 

(•>) 

C 1 H 4 

Benzene 


70 

9 

(»•• *>» *•. 74, 




< 1 

18 

7 4, 91, 111, 






1 It, 114) 

C 4 H 4 CIN 

m-Chloroaniline 

25 

5 

8 

( l00 );e/. (**») 

C 4 H 4 O 

Phenol 

25 

<17 

9 

(101) 

CtHtN 

Aniline 

0 

n 

9 

<•«) 



25 

24 

9 




35 

. 82 

9 


CiH»N 

Picoline 

25 

. 55 

8 

(101) 

CtHioOi 

Ethyl acetoocetate 

25 

4 • 

8 

<••);*/. («*. 






Ill) 

CtHioOi 

Diethyl oxalate 

25 

70 

8 

(••); cf. (*oi) 

CtHioOi 

Dimethyl malate 

0 

3 

. 7 

(117) 



25 

55 

8 

(110) 

C 4 H 11 N 

Capronitrile 

25 

37 

7 

(101) 

CiHuNS 

Amyl thiocyanate 

25 

15 

0 

(••) 

C«HuOt 

Amyl formate; tee Fig. 3 




CzHtiOt 

Ethyl butyrate; tee Fig. 2 




CtHitOi 

Ethyl isobutyrate; tee 

Fig. 2 




CcHuOt 

Isobutyl acetate; tee Fig. 1 

• 



CzHiiOi 

Methyl valerate; tee Fig. 3 


4 


CcHiiOi 

Propyl propionate; tee Fig. 1 


• 


C*H,*0., 

Paraldehyde 


<30 

8 

(•0) 

C 4 H 14 

Hexane 

18 

< 1» 

18 

(•);«/.(*«■ 






•7, 111) 

CiH.tf 

Benzo nitrile 

25 

5 

8 

(*>*);«/. (*•) 


• Probably high. 

t « - 14 X 10-i« under the influence of radium ray*; “aim oat a perfect insula- 
tor when shielded from the ray*’* (**). 

t No noticeable c h a n ge in conductivity on darkening. 

^ conductivity of the liquid decreases when enclosed by a lead 



<L -Table. — ( Continued ) 


Formula 


Name 


-AX 10-* 


• « 


CtH»N 8 Phenyl isothiocyanate! 

C 7 H 4 O Bensaldehydc 


C7H4O1 , Benzoic acid 

C;H« 0 i Salicylaldehydc 

CtHtNOi o-Nitrotolueno 

CtHtNOi m-Nitrotoluene 

CtHi Toluene 

C?H *0 Benzyl alcohol 

C7H.O m-Creaol 

CtH* 0 : Guaiacol 

C7H1N Bcnzylamine 

CtH.N o-Toluidine 

C?H*N p-Toluidine 

CrHitOi Diethyl malonatc 

C7H14O1 Amyl acetate; tee Fig. 3 

C7H14O1 Ethyl valerate; tee Fig. 2 

C7H14O1 Propyl butyrate; tee Fig. 1 

CjHi# Heptane 

C.H7N Benzyl cyanide 

C4H7N Tolunitrile 

C»H »0 Acetophenone 


C»H»0* I p-Mcthoxybenraldc- 

hyde (anisaldehyde) 

| 

CiHiO* Methyl benzoate; tee Fig. 3 

C«Hio Xylene 

C*HioO o-Crcsyl methyl ether 

CiHioO Phenetole 

CiH„0» Isobutyric anhydride 

C.Hi« 04 Diethyl succinate; tee Fig. 2 

CiHmO* Caprylic acid | 80 

CiHuOt. Amyl propionate; tee Fig. 3 

CiHmOi Isobutyl butyrate; tee Fig. 1 

C«Hi40t Propyl valerate; tee Fig. 1 

CtHrN Quinoline 


Non."; tee Fig. 2 


< 1 


15 


(*«); cf C 14 * 

74 ) 

(tei) 

(*•») 

;iif) 


< 4 


13 (•*•) 


CtHioOi. . 


Ethyl benzoato 


CtHi«0i Triacctin; tee Fig. 4 

CtHitOt Amyl butyrate; tee Fig. 3 

CtHuOi Isobutyl valerate; tee Tig. 1 

C*H» Nonane 

CioILBr Bromonaphthalene 

C 10 H 4 Naphthalene 

CioHnO* Eugenol 

CioHu Cymene 

CioH| 4 <f(/)-Limoncno 

CioIIii Pinene 

C 10 H 14 Terpinene 

CioHuO. Menthone 

C 10 H 1 .O a-Terpineol 

CioHuOi Acetylmetliyl hezyl 

ketone 

CioHkOi Amyl valerate; tee Fig. 3 

C 11 H 11 O 1 Ethyl cinnamate; tee Fig. 2 

CiiHttOi Ethyl benxoylacetate 


(•«)»</. (•••) 


7 M 


(*•») 

(•7.1) 

(•*•*); e/. t Tf > 
(1*1) 

(••) 

(•♦) 

(»••) 

< 4 *) . 

(>•») 

(101) 

<»•»> 

( i*i) 


(IZT, 

(IZS) 


CuHuOj Isobutyl benzoate; tee Fig. 1 

CuHuIaN Quinolinium n-propyl triiorlide; tee Fig. 5 

CitHiiOi Amyl benzoate | 25 | <17 | 

CiiHuIiN Quinolinium butyl and isobutyl triiodide; tet Fig. 5 


(i#i) 


Ci«H* 04 Alizarin 

Ci4Hiz Anthracene 

C uHiiOi Benzyl benzoate 

| Other temperatures also. 
Probably high. 

•• With a polarisation of 1.5 volt. 


233 

99** 

230 

3 

25 

< 1 


(”) 

(*»••); see 

Fig . 8 
(re. 7i) 




ELECTRICAL CONDUCTIVITY: NON-METALLIC LIQUIDS 


145 




Fig.2(«> 

Ethyh 
I. formate 
2 acetate 
3* propionate 
4. butyrate 
5- isobutyrate 

6 valerate 

7 carbonate 
0 malonate 

9 Succinate 
K) benzoate 

11 ci one mate 

12 nitrate 
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(L -Table. — (Continued) 


Formula 

Name 

t. ° 

C 

1 4 « 

A X 10-- 

Lit. 

1 A 

n 

ChHiiN 

Dibenzylatnine 


25 

17 1 

9 

(»'»') 

Ciell »Oi 

Palmitic acid 


80 

< 

4 

13 

(»7.J, 

Ci.H,«0 

Cetyl alcohol; tee Fig. 4 






CuH uOt 

Oleic acid 


15 

< 

2 

10 

( 4 3 i 

CuH nOi 

Stearic acid. . . . 


80 

< 

4 

13 

,S7.J) 

CtiIItoAbi 

Tetraphenyldiaraine 

151 

1 . 5 

47 

8 

(*); see Fig. 7 

CnHuoO* 

Tristearin; tee Fig. 4 










K = 

A V 10-'* 

" 



Substance 

t, °c 


- — * 





Lit. 




A 



n 




Almond oil. . 

• ••••• 






( 7 

6 ) 


Benzine 

• • • • • 


< 

1 


12 


0, 2 7, 83, 111) 

Castor oil. . . 

• • • • • • 






(76) 


Kerosene 

0 0 0 0 0 

25 

<17 


9 

(101) 


Ligroin 

0 0 0 0 0 


59 


17 

(118) 


Linseed oil . . . 

10 0 0 0 0 



1 


16 

(76) 


Olive oil 

0 0 0 0 0 



1 


13 

( ,,8 W. (76) 

Paraffin oil. . 

0 0 0 0 0 0 



7 


17 

( ll8 );r/. (63) 

Petroleum . . . 

0 0 0 0 0 



3 


13 

(118) 


Petroleum ether. . . 

i 


34 


16 

(* 7 ) 





1 


18 

( 6S ); cf. (f) 

Turpentine. . 




2 


13 

(8J) 


Vaseline (oil of) . . . 



8 


17 

0 

l8 ); Cf. (27, 76, 83) 
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ELECTRICAL CONDUCTIVITY OF ELECTROLYTIC CONDUCTORS 

AT HIGH TEMPERATURES 


E. B. Millard 


The published values of the conductivities of compressed 
powders (p) are r in general, quite discordant; they are here included 
by literature reference only. The numerical data refer either to 
molten materials ( l ) or to solidified melts (s); in general, the latter 
form part of a continuous series including the former, but in some 
cases solid rods (r), either cast or machined from a solidified melt, 
were used. Some data refer to the undercooled melt; when so 
stated by the author, they are listed, like other molten materials, 
under l; in all other cases, data for temperatures below the melting 
point are taken as referring to a solid and are placed under («). 
For compressed powders of metallic nitrides, see ( 68 ); for Auer 
mantle at 1200°C, see ( 66 ); for recent discussions, see ( 16 » 20 > 38 » 
60, ei, 62). Specific conductivity = k = C X 10 n ohm -1 cm -1 ; 
if n = 0, k - C; t = temperature, °C; a(10)" 3 = ( R t — R 0 )/Rot, 
where Ro, Rt = resistance of same solid specimen at 0°C, at t , °C. 


Im allgemeincn sind die veroffentlichten Werte iiber die Leit- 
fahigkeit komprimierter Pulver (p) ganz widersprechend und 
werden nur durch die Literaturstellen angegeben. Die numeri- 
echen Daten beziehen sich entwedcr auf geschmolzenes Material 
( l ) oder feste Schmelzen (s). Im allgemeinen sind letztere 
Bestandteile einer ununterbrochencn Serie die ereteren einsch- 
liessend, aber in manchen Fallen werden feste Stiibe (r) venvendet, 
die entweder gegossen oder aus einer festen Schmelze maschinell 
hergestellt wurden. Manche Daten beziehen sich auf untcr- 
ktihlte Schmelzen. 1st dies vom Autor angegeben, so stehen die 
Daten wie auch die anderen Schmelzen unter l. In alien anderen 
Fallen, bei einer Temperatur unterhalb des Schmelzpunktes 
werden die Daten als auf den festen Zustand sich beziehend 
angenommen und stehen dann unter (s). Fur gepresste Pulver 
von Metallmtriden, siche ( 68 ); fur Auerstrumpfe bei 1200°C, 
eiehe ( 66 ); neuere Diskussionen dariiber, siehe (1 6 , 20, 38, 60, 61 , 62). 
Spezifische Leitfahigkeit = k = C X 10 n Ohm" 1 cm -1 ; wenn n = 0, 
* * C‘,t * Temperatur, °C; a(10)" 3 = (R, - R<,)/Ra, wo Ro,R t = 
Widerstand einiger fester Formen bei 0°C bezw. t, °C bedeutet. 


I. Pure Substances 

A-&-Table; Standard Arrangement 


Unit of 

k — l ohm 

TeCl 2 

(64) 

t 

1 C 

l, n 1 

= -3 

206 

42.0 

210 

45.8 

221 

58.9 

230 

66.8 

235 

71.2 

250 

89.3 

252 

90.4 

271 

113 

271 

114 

290 

133 

304 

150 

305 

161 


v. Vol. Ill, p. viii 
1 cm -1 ; temperature 


TeCl 4 (64) 

t | C 
f, n = -3 


236 

114.5 

254 

136 

277 

161 

290 

175 

316 

203 

NH<NOj (23) 

l , 71 

= 0 

162 

2.794 

185 

2.183 

(49) 

172 

0.320 

187 

0.369 


O 

O 

• 

* 

II 

C X 10" 

nh 4 no,. 

— ( Cont'd ) 

t 

C 

202 

0.397 

213 

0.447 


SbCl 3 (13 ); c f. (37) 
l, n - —3 
73 | Q.ll 


SbBr 3 (31) 
l, n = —6 


99 

244 

109 

261 

127 

317 

158 

364 

178 

405 

197 

446 


En general, les valours publics concernant les conductibilitfo 
des poudres eompriintes (p) sont tout ft fait discordantes, aussi 
no sont-elles mentionnfes ici quo par leur r6f Frances bibliographi- 
ques. Les donnees nurn^riques se rapportent soit ft des matures 
fondues (l) soit & des matures fondues eolidifides (a);en general ces 
demidres constituent une partie d’une s£rie continue comprenant 
les premieres, mais dans certains cas il a 6t6 fait usage de baguettes 
solides (r) pr^parfcs soit par moulage soit par usinage ft partir 
d une masse fondue solidifi^e Certaines donnees se rapportent ft 
des liquides surfondus; lorsque cet £tat a 6t6 4tabli par Pauteur, 
ces donndes sont inscrites sous l comme pour les autres matures 
fondues; dans tous les autres cas, les donnees pour des tempe- 
ratures au dessous du point de fusion se rapportent ft un solide et 
sont p lac ces sous («). Pour les poudres comprimfes des nitrures 
inltalliqucs, voir ( 68 ); pour le manchon d’Auer ft 1200°C, txrir 
( 66 ); pour les discussions recentes, voir ( 16 , 20 , 38, 60, 61, 62). 
Conduct ibilit6 spccifique = « = C X 10 n ohm" 1 cm" 1 ; si n = 0, 

K = C; t = temperature, °C; a(10)" 3 = (R, - R 0 )/R 0 t, oil R 0 , 
R, = resistance de la meme tfprouvette solide ft 0°C, ft t, °C. 


In generale i valori pubblicati delle conducibilitft di polveri coin- 
presse (p) sono molto discordanti; essi sono qui inclusi so la men to 
come citazione bibliografica. I valori numerici si riferiscono sia a 
materiali alio stato di fusione (/) o a sostanze fuse e lasciate solidi- 
ficare (s) f in genere queste ultimo sono parte di una serie continua 
che include anche le precedent, ma in alcuni casi furono usate 
bacchette (r) o preparate di getto o ricavate al tomio. Alcuni 
valori si riferbeono a sostanze mantenute liquide alio stato di 
soprafusione; quando I’afTermazione 6 fatta dall’autore i valori 
sono inclusi nell’elenco dei materiali alio stato di fusione (l); in 
tutti gli altri casi invece i valori per temperature inferiori al pun to 
di fusione sono supposti riferentisi alio stato solido e sono collocati 
sotto (s). Per le polveri compresse di azoturi metallici, vedi (® 8 )* 
per Je reticelle Auer a 1200°C, vedi (««); per discussion! recenti! 
vedi ( 16 , 20 , 38, 60 , 61 , 62 ). Conducibilitft specifica = K = C X 

lO" ohm" 1 cm -1 ; se n .= 0, * = C;t = temperatura, °C; a(10)" 3 = 

(Rt - R 0 )/R 0 t , dove R 0 , R t = resistenza dello stesso campione 
solido a 0°C e a t, °C. 


Sbl; 

* ( 31 ) 

t 

1 c 

f, n 

= - 6 

169 

306 

172 

334 

180 

347 

184 

360 

190 

372 

204 

382 

218 

431 

225 

440 

230 

442 

239 

461 

254 

482 

266 

491 

307 

686 

378 

683 

BiCli 

1 ( 64 ) 

/, n = -3 

266 

442 

295 

481 


BiCla.- 

-(Cont’d) 

I c.h 6 nh 2 .hno 3 * 

t 

C 

t 

C 

315 

506 

25 

23.0 

335 

533 

43 

39.8 

350 

555 

53 

50.2 



70 

67.7 

C, T 

, (53) 

78 

75.2 



90 

87.9 

(CH 3 ) 2 NH,HNO,* 

101 

98.7 

74 

178 



78 

187 

(C 2 H s ),NH.HN(V 

89 I 

210 

100 

75.9 

98 

234 

105 

80.5 

112 

259 

116 

89.1 



125 

96.5 

CjHjNHj.HCI* 



100 

50.5 

C e H 6 N (CH a ) 2 .HBrt 

no 

60.1 

70 

8.97 

122 

71.6 

88 

33.2 

130 

79.3 

100 

49.9 

*/. n - - 

-3 (*»). 

110 

64.3 

1 1. n a - 

4 (•»). 

119 

764 
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PtCIj 

(64) 

1 1 

c 

/, n 

= 0 

824 

0.82 

849 

0.89 

875 

0.97 

902 

1.06 

935 

1.16 

965 

1.26 

NdCl 

3 ( 64 ) 

lj n 

= 0 

775 i 

0.63 

807 

0.71 

827 

0.765 

847 

A 

0.81 

873 

0.88 

900 

0.945 

BeCl 

* (64) - 

l, n - -3 

451 

3.19 

460 

5.72 

472 

8.68 

MgO (26) 

r, n : 

- —6 , 

800 

O.Oi 

900 

O.lo 

1000 

0.2o 

1050 

0.34 

1100 

1.0 

1150 

2.6 

p(44) 

MgCIj (»•) 

h n 

- 0 

729 

1.05 

743 

1.08 

772 

1.105 

774 

1.13 

822 

1.23 

830 

1.21 

884 

1.32 

909 

1.39 

941 

1.45 

959 

1.455 

997 

1.53 

1013 

1.58 

CaClj 

lOt*) 

l, n 

= 0 

800 

1.9 

850 

2.1 

900 

2.3 

950 

2.6 

1000 

2.7 

1050 

2.8 

SrClj (i) 

l, n 

* 0 

900 

1.98 

950 

2.14 

1000 

2.29 

1050 

2.43 

1100 

2.56 


BaCls 0) 

t 1 

c 

l, n 

= 0 

900 

(1.71) 

950 

1.89 

1000 . 

2.05 

1050 

2.19 

1100 

2.31 


8(63) 


LiCl 

(» 

5 ) 


n 

= 

0 

577 



0.15 

592 



0.16 

595 



0.25 

h 

n 


0 

620 



5.865 

631 



5.94 

681 



6.14 

702 



6.21 

746 



6.40 

762 



6.44 

786 



6.53 

801 



6.585 

LiNO, 

( 2< 

7, 33) 

h 

n 

= 

0 

250 



0.80 

275 



0.92 

300 



1.06 

325 



1.19 

350 



1.33 

375 



1.46 

400 



1.59 

425 



1.72 

450 



1.86 


V' 

(•) 

NaOH ( 

4, : 



( 

B ) 


If 

n 

a 

0 

320 



2.12 

350 



2.38 

400 



2.82 

450 



3.27 

NaF, 

«( 47 ) 

NaCl (49) 

i, 

n 






2.87 




3.22 








3.77 

780 





(») 


850 







3.66 




3.82 

Vi « ( lc 

'» 

35, 

47, 57, 




NaBr (49) 

h 

n 

= 

0 

710 



2.40 

750 



2.85 

760 



2.95 

780 



3.27 

800 



3.52 


NaBr.- 

-(Conl’d) 

t | 

1 c 

( : 

*) 

800 

3.06 

850 

3.23 

900 

3.30 

8 (« 7 , 57) 

Nal 

(49) 

1, n 

= 0 

615 

2.00 

650 

2.30 

670 

2.43 

680 

2.59 

700 

2.72 

8 ( 

: 47 ) 

Na 2 S0 4 (») 

If n 

= 0 

900 

2.23 

950 

2.37 

1000* 

2.50 

1050 

2.64 

1100 

2.77 

3 (63) 

Na,S, 

O* (4») 

l, n 

- -3 

0 

6.9 

5 

10.8 

10 

15.9 

15 

22.4 

20 

30.4 

25 

39.3 

30 

49.7 

35 

62.0 

40 

75.8 

45 

90.8 

50 

106.1 

55 

123 

60 

141 

65 

160 

70 

180 

75 

201 

80 

222 

85 

244 

NaNO, 

(33, 43) 

l, n 

- 0 

300 

0.95 

325 

1.05 

350 

1.15 

375 

1.25 

400 

1.35 

425 

1.45 

450 

1.56 

475 

1.66 

500 

1.76 

Vf 8 ( 

9, 57) 

NaNH, (67) 

n 

= 0 

210 | 

0.593 

NaPO, (2) 

1, n 

= 0 

600 

0.30 

650 

0.425 

700 

0.55 



NaPO,.- 

-{Cord'd) 

t 

C 

760 

0.675 

800 

0.80 

850 

0.925 

900 

1.05 

950 

1.175 

1000 

1.30 

1050 

1.42 

1100 

1 54 

NajCOj (i) 

1, n 

= 0 

850 

2.92 

Goo 

3.10 

NaCjHjOt, (4i) 

Acetate 

If n 

= -3 

0 

3.95 

5 

6.2 

10 

9.3 

15 

13.2 

20 

18.0 

25 

23.5 

30 

30.5 

35 

38.5 

40 

46.7 

45 

56.0 

50 

66.0 

s 55 

77.0 

60 

89.0 

65 

101.0 

70 

113.5 

75 

126 

80 

139 

86 

152 

90 

166 


NaC] C HiiOsi 
Palmitate C 1 ) 
l, n - —6 


170 

36.80 

174 

44.16 

178 

45.99 

182 

47.99 

186 

53.84 

190 

58.09 

194 

60.64 

198 

76.12 


NaCisHnOj ( 1J ) 
Linoleate 


NaC 18 HaiOj (12) 
Oleate 

NaCisHaiOj ( ll ) 
Stearate 


l, n ■■ 

- -6 

158 

29.84 

162 

38.06 

166 

50.18 

170 

55.75 

174 

59.99 

178 

61.32 


Na,MoO« (33) 

< | C 

l, n =0 


843 

1.411 

905 . 5 

1.522 

924.5 

f .571 

977 

1.679 

1026 

1.775 

1064.5 

1.843 

1122.5 

1.940 

1173 

2.016 

1217 

2.093 

1267.5 

2.170 

1306 

2.232 

1364 

2.330 



Na 2 WQ 4 ( 33 ) 

h * 

= 0 

752.5 

1.091 

800 

1.192 

958 

1.519 

996.6 

1.598 

1066 

1.718 

1161 

1.893 

1209 

1.990 

1260 

2.083 

1361.5 

2.250 

1412 

2.335 

1501 

2.453 

KOH, l (») 

KF (33) 

If n 

= 0 

863.0 

2.948 

881.1 

3.114 

• 901.3 

3.270 

905.4 

3.299 

916.3 

3.418 

968.3 

3.889 

975.0 

3.952 

KC1 (», 2, 33, 49) 

l, n 

= 0 

775 

2.23 

800 

2.34 

825 

2.44 

850 

2.55 

875 

2.65 

900 

2.76 

925 

2.86 

950 

2.97 

975 

3.07 

Vf 8 ( *f l0 f 4 °» 57 ) 

KCIO 

a (* 3 ) 


l, n - 0 
359 | 4.19 

KBr (2, 33 ) ;q f t (49) 
/, n =» 0 


750 

1.61 

775 

1.67 

800 

1.72 

825 

1.79 

850 

1.84 

(900) 

(1.95) 

(950) 

(2.08) 


8 (57, 63) 


KI (2, 

f 3a . 4d ) 

t 

1 

l, n 

=» 0 

000 

1.04 

650 

1.15 

700 

1.24 

750 

1.35. 

800 

1 45 

K,S0 4 (i) 

i, n 

= 0 

1100 

1.84 

1150 

1.94 

KNO, ( 7 . 

23, 33, 43) 

If n 

= -3 


(30o) 

EM 

(51 o) 

330 


340 

634 

350 

664 

360 

694 

370 

724 

380 

754 

390 

784 


816 

410 

848 

420 

876 

440 

937 

460 

996 

480 


500 

1116 

KNH 

. ( fl7 ) 

l,n=- 3 

msm 

389 

K,CO, (1) 

1, n 

= 0 


1.95 


2.12 


2.26 


KC.aHuOs (11) 
Palmitate 
l, n = —6 


182 

55.75 

186 

64.94 

190 

67.32 

194 

69.85 

198 

72.03 

202 

73.58 

207 

75.09 


KCigHjiO* (12) j 

Linoleate 


KCisHiiOs (ii) 
Oleate 

l, n =» —6 


200 
204 
2 08 
1212 
218 
222 


45.05 

50.18 

52.57 

55.20 

58.70 

59.34 


a 
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international critical tables 


KC.aH 

uO, (ii) 

RbCl (15) 

Stearate 

t 

! c 

t 

1 c 

l, n 

=> 0 

l, n 

= -6 

733 

1.49 

224 

110.4 

765 

1.58 

226 

122.7 

769 

1.59 

228 

138.0 

780 

1.62 

230 

169.8 

819 

1.70 

232 

184.0 

839 

1.74 

234 

256.6 

873 

1.81 

237 

315.4 

915 

1.87 

239 

368.0 



K 2 CrO<, 

-p( 10 ) 



KjCriOj («) 

RbNOi (33) 

/, n ■■ 

- -3 

/, n ■■ 

= -3 

397 

1% 

318.8 

439 

407 

220 

341 3 

490 

417 

238 

351.3 1 

511 

427 

256 

357.0 . 

524 

437 

275 

376 0 

569 

447 

• 

293 

379 4 

573 

457 

311 

409 0 

636 

467 

329 

422.8 

666 

477 

347 

435.9 

692 

487 

! 366 

448.6 

720 

497 

384 

468 7 

755 

507 

402 

493 

804 


CsCl (15) 


t 

1 c 

l, n 

= 0 

660 

1.14 

685 

1.18 

711 

1.26 

722 

1.27 

751 

1.34 

775 

1 39 

809 

1.44 

831 

1.48 


CsNOj (33) 
l, n = —3 


446 . 6 

472.7 

490.2 

498.0 

510.1 

625.3 

541.7 
556 3 


594 

634 

656 

670 

685 

705 

723 

744 


II. Binary Mixtures 

^"^"Table; Standard Arrangement 

v. Vol. Ill, p. viii 

M =* mole, M % = mole %, Wt. % * weight %, m A * mass 
of A, l « molten, p «= compressed powder, r = solid rod, s 
solidified melt, * «* specific conductivity Unit of « = 1 ohm” 1 
cm -1 ; t = temperature, °C; « = C X 10’ 1 


I 

B = Hgl, (31) 

t I C 
m\ = 10% rr?B 
s, n = -3 
110 0 040 

208 0 139 

226 1 . 18 

233 3 64 

m A = n?B 
s, n = -3 
165 0.14 

206 0.645 

227 1 . 05 


SbCl 3 

B = NH 4 C1, T1C1 
RbCl, or KC1 

- *( 37 ) 

SbBr 3 

B =• AlBr, 

Wt. % A| C 
t = 99.5°C (32) 
1, n = -6 


1.09 
3.60 
5 68 
6.37 
7.31 


0.06 

5.31 

•85.43 

137.7 

267.4 


B = AlBr,.- 

( Continued ) 


Wt. % A 
8.75 
9.85 

n = 

14.15 

15.27 
19.33 
22.31 

25.58 
29.91 
35.10 
40.00 

45.59 
47.98 
49.52 

55.28 
60.19 

65.29 
t 

Wt. % A 


C 

483.5 

714.8 

-3 

1.647 

1.924 

2.884 

3.601 

4.267 

5.348 

6.331 

7.303 

8.248 

8.607 

8.982 

9.894 

11.646 

13.212 

C 

- 15.27 


Z, n = —3 


99.5 

110.3 

120.3 

130.5 

140.3 
150.0 

160.6 


1.924 

2.173 

2.363 

2.492 

2.542 

2.515 

2.411 


B « AlBr,.- 

( Continued ) 


t 

170 5 
180.0 
190.1 
Wt. % A 
99.5 

110.3 

120.3 

130.5 

140.3 

150.0 

160.6 
170.5 

180.0 
190.1 


C 

2.248 
2.050 
1.851 
= 50.35 
9.135 
11.62 
13.16 
15.35 

17.58 
20.11 
23.22 
25 43 
27.70 

29.58 


SnCl 2 

B = PbCl, 
P( 9 ) 


Pb0 2 

B « MnO, 

« (*l) 


PbCl 2 

B = PbBr, 


M % B 

1 C > 

| 200* 

c, 

250 c 

r (50) 

, n = 

-6 

0 

50 

140 

15 

34 

90 

30 

22 

75 

40 

16 

54 

50 

12 

40 

60 

17 

67 

70 

38 

102 

85 

46 

223 

100 

81 

274 

M % B | 1 

C 

t = 300°, n « 

-3 


• 0 0.60 

15 0.40 

30 0.25 

40 0.23 

50 0.21 

60 0.24 

70 0.34 

85 0.68 

100 0.86 

Wt % A C 

K 5 '), n - 0 
t = 

0.00 
7.76 
20.15 
43.09 
69.44 
87.21 
100.00 


500°C 
1.030 
1.059 
1.108 
1.201 
1.310 
1.400 
1.472 


T1C1 

B a CdCl, 

Wt. % A | C 

l ( 5 «), n *= 0 
l * 600 °C 


0 

20 

35 

40 

50 

.53.7 

60 

75 

85 

90 


1.971 
1 .808 
1.781 
1.665 
1.566 
1 . 522 
1.520 
1.564 
1.610 
1.664 


B = AgCl 

M % A | C 
r ( 50 ), n = -6 


t = 

0 
15 
30 
40 
50 
60 
70 
80 
100 

Wt. % A 


200°C 
50 
65 
86 
104 
92 
75 
65 
32 
13 
C 

/(5»), n -0 

t = 500°C 


0.00 

3.653 

22.77 

2.925 

42.00 

2.260 

63.00 

1.771 

79.43 

1.470 

100.00 

1.215 


TINOa* 

B * AgNO,* 

Wt. % B| C 

/(*>), n - 0 
t =» 250°C 
0 0.436 

10 0.465 

25 0.512 

50 0.580 

75 0 . 695 

100 0.812 

• In original, table 
beaded T1C1 and AgCl; 
column beaded AgNOu 
aa it is stated that Wt. 
% A - 50 is equivalent 
to M % A - 01.02, both 
salts were probably 

nitrates. 


Cd* 

B => CdCl, 
M % A | C 
l (6), n ~ 0 
t - 580°C 


B - CdCl 


M % A 

1 C 

5.0 

2.004 

7.5 

•1.989 

10 

* 1.969 

* Values for “commer* 


dal'* products, 3.4, 7.2, 
and 11.5 M % A, at 10* 
intervals from 580 to 
700°C are also given. 


CdCl 2 

B - KC1 

Wt. % A| C 
/(«),n -0 
t - 800'C 

2.301 


0 

10 

20 

30 

35 

50 

55 

60 

65 

70 

75 

80 


2.163 

2.041 

1.911 

1.852 

1.735 

1.785 

1.662 

1.703 

1.771 

1.841. 

1.929 


90 

2.110 

100 

2.250 

t - 

900°C 

0 

2.522 

10 

2.315 

20 

2.160 

30 

2.061 

35 

2.000 

50 

1.882 

55 

1.800 

60 

1.776 

65 

1.800 

70 

1.868 

75 

1.940 

80 

2.090 

90 

2.151 

100 

2.401 


HgBr 


100 

| 1.702 

0 

1.907 

B - 

AJBn 



2.5 

1.898 

Wt. % A| C 

t = 700 C 

5.0 

1.884 

l («), 

n * —6 

0 

2.101 

7.5 

1.867 

t ~ 99.50°C 

20 

1.990 

10 

1.845 

1.38 

0.121 

35 

1.950 

l - 600 °C 

3.06 

0.439 

40 

1.857 

0 

1.968 

5.52 

8.851 

50 

1.789 

2.5 

1.959 

8.14 

148.94 

53.7 

1.718 

5.0 

1.945 

10.48 

601.74 

60 

1.720 

7.5 

1.928 

n ■ 

-3 

75 

1.760 

10 

1.906 

14.26 

1.9785 

85 

1.818 

/ - 620°C 

18.34 

4.1683 

90 

1.860 

0 

2.023 

21.11 

5 8380 

100 

1.951 

2.5 

2.016 

27.15 

9 7988 
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\ - AlBr,. 

-{Cant'd) 

< 1 

C 

n = 

- 6 

Wt. % A - 7.81 

99.5 

120.6 

110.3 

127.1 

120.3 

135.9 

130.5 

133.0 

140.3 

128.6 

150.0 

121.6 

160.6 

.107 5 

170.5 

96.2 

180.0 

84.7 

190.1 

71.4 

n = 

-3 

Wt. % A 

l = 14.38 

99.5 

2.051 

110.3 

2.369 

120.3 

2.583 

130.5 

2.772 

140.3 

2.892 

150.0 

2.943 

160.6 

2.867 

170.5 

2.786 

180.0 

2.668 

190.1 

2.454 

Wt. % A - 21.08 

99.5 

5.814 

110.3 

7.002 

120.3 

8.061 

130.5 

9.059 

140 3 

10.01 

150.0 

10.73 

160.6 

11.32 

170.5 

11.77 

180.0 

11 94 

190.1 

11.96 


B * AgBr.— 

( Continued ) 


CuO 

B - MnOi, a (21) 

AgCl 

B - AgBr 

M % B | C 
« ( 80 ), * - -3 


t 


0 

10 

30 

40 

50 

60 

70 

80 

90 

100 

0 

10 

30 

40 

50 

60 

70 

80 

90 

100 


t 


200°C 
0.05 
0.08 
0.13 
0.16 
0.20 
0.23 
0.32 
0.38 
0.42 
0.46 
250°C 


M %B 

C 

t - 300°C 

0 

1.09 

10 

,1.68 

30 

3.50 

40 

5.52 

50 

7.01 

60 

• 8.17 

70 

10.8 

80 

11.9 

90 

12.9 

100 

14.0 

* = 350°C 

0 

5.20 

10 

5.49 

30 

16.8 

40 

22.0 

50 

32*0 

60 

37.0 

70 

42.5 

80 

52.0 

90 

58.5. 

100 

64.2 

t « 400°C 

0 

24.0 

. 10 

31.8 

30 

57.0 

40 

75.3 

50 

120 

60 

140 

70 

164 

80 

235 

90 

272 

100 

304 

Wt. % A 

C 

i = i 

500°C 

l f 81 ), 

, n = 0 

0.00 

2.924 

24.65 

3.130 

43.00 

3.246 

64.00 

3.409 

100.00 

. 3.653 


B * KC1, p (10) 


B 


Mn0 2 

KBr, « (21) 


AlBr 3 

B «= KBr 

Wt. % B| C 
/ = 99.5°C (32) 
/, n = -3 


11.02 

12.65 


0.20 

13.07 

0.35 

15.44 

0.66 

16.84 

0.92 

18.46 

1.26 

t 

1.56 

Wt. % 

2.10 

99.5 

2.31 

110.3 

2.40 

120.3 

2.60 

130.5 


16.33 

18.53 

19.14 

21.95 

23.62 

25.46 

C 

= i3.o: 

19.14 
23.60 
27.02 

29.14 


B = KBr. 

— ( Cant'd ) 

t 

C 

140.3 

31.85 

150.0 

34.74 

160.6 

36.75 

170.5 

39.33 

180.0 

43.02 

190.1 

•45.47 

CaCl 2 

B = 

NaCl 

Wt. % Bl 

C 

l ( 51 ), 

n = 0 

t = 850°C 

0.00 

2.220 

2.51 

2.191 

5.14 

2.190 

10.00 

2.235 

20.00 

2.307 

35.50 

2.404 

40.00 

2.452 

42.26 

2.520 

50.00 

2.635 

60.00 

2.830 

75.00 

3.016 

80.00 

3.260 

100.00 

3.575 

t = 950°C 

0 

2.580 

10 

2.375 

40 

2.576 

50 

2.820 

75 

3.230 

100 

3.890 

B = 

KC1 

K*'), 

n = 0 

t = 800 °C 

0 

2.006 

10 

1.772 

20 

1.620 

25 

1.554 

30 

1.501 

35 

1.477 

40 

1.478 

45 

1.480 

50 

1 . 492. 

60 

1.550 

70 

1.708 

80 

1.951 

100 

2.301 

t = 900 °C 

0 

2.405 

10 

2.090 

20 

1.893 

25 

1.835 

30 

1.730 

35 

1.699 

40 

1.702 

45 

1.700 

50 

1.766 

60 

1.852 

70 

1.973 

80 

2.195 

100 

2 522 


LiCl 

B = KC1 

P(*) 



LiN0 3 


B 

= NaNOj 


P 

(®) 



NaCl 


B = 

KC1 


Wt. % A 

C 

K 

si ). 

n = 

0 

t 

= 850°C 


0 


2 

420 

5 


2. 

441 

25 


2. 

559 

50 


2. 

862 

65 


3. 

022 

75 


3. 

159 

90 


3 

448 

100 


3 

575 


V ( 

10) 



NaN0 3 


B = KN0 3 

t | C 

i ( 27 ), * = 0 

4Ma + 1M b 


321.6 

399.1 

454.1 


0.9119 

1.224 

1.401 


B = KNO,.— 

( Continued ) 

t i c 

1 M k + 1Mb 


320 

0.7475 

330 

0 . 7890 

340 

0 8293 

350 

0 . 8680 

360 

0 . 9050 

370 

0.9410 

380 

0.9768 

390 

1 011 

400 

1 045 

410 

1.078 

420 

1.111 

430 

1.143 

440 

1.174 

450 

1.205 


IMa -f 4 Mb 


320 

0.6318 

330 

0 . 6668 

340 

0.7015 

350 

0.7358 

360 

0.7705 

370 

0.8055 

380 

0.8393 

390 

0.8730 

400 

0.9053 

410 

0.9370 

420 

0.9678 

430 

. 0 . 9983 

440 

1 . 028 

450 

1 . 059 


B = KNO,.— 

{Continued) 


Wt. 

% A 

1 < 

r f 

/ 

1 

( 51 ), 

n = 

0 


t = 350°C 


0 

00 

0 

670 

17 

.38 

0 

740 

45 

.16 

0 

872 

71 

.10 

1 

030 

100 

• 00 

1 

170 


t = 400°C 


0 

00 

0. 

818 

17 

38 

0. 

900 

45 

16 

1 . 

030 

71 

10 

1. 

221 

100 

00 

1 . 

371 


See also (2 3) 


KC1 

B = KBr 

a ( 37 ) 

B = K 2 CrO< 

V ( 10 ) 

Permutite 
Ag-, and Na- 
« ( 28 ) 

Permutite 
Ag-Na, and Ag-K 
« ( 29 ) 

Cryolite mixtures 

l ( 3 ) 


LITERATURE 

(For a key to the periodicals see end of volume) 

(') Arndt, 9, 12: 337; 06. (*) Arndt and Gessler, 9, 14: 662; 08. (3) Arndt 

and Kalass, 9, 30: 12; 24. («) Arndt and Ploetz, 7, 110: 237; 24. (*). 

Arndt and Ploetz, 7, 121: 439; 26. (•) Aten, 7, 73 : 578; 10. ( 7 ) Aten, 7, 78 : 

1 ; 11 . (•> van Aubel, 135: 456, 734; 02 . ( B ) Benrath and Tesche, 7, 96 : 
474; 20. 


(*«) lienrath and Wainoff, 7, 77: 257; 11 




) nnamagar ana Jrraead, 55, 34 


103; 24. ( 1J ) Bhatnagar, Prasad and Singh, 66, 38 : 218; 26. ( I3 ) Biltz, 7, 

100: 52; 22. (*«) Bills and Klemm, 93, 131 : 22; 23. (» *) Biltz and Klemm! 

7, 110: 318; 24. (»®) Biltz and Klemm, 93, 152: 267; 26. (>7) Biltz and 

Voigt, 93, 120: 71; 22. (»«) Biltz and Voigt, 93, 126: 39; 23. (»>) Borne- 

tnann and von Rauschcnplat, 192, 9 : 473, 505; 12. 

(2 0) Fischer, 9, 32 : 136; 26. (**) Fischer, 9, 32 : 538; 26. (**) Fleck and Wal- 
lace, 83, 16 : 346 ; 21. ( 23 ) Foussereau, 51, 4: 189; 85. ( 2 <) Friederich 

and Meyer, 9, 32 : 566; 26. (2 ») Ghosh, 4, 117 : 823; 20. ( 26 ) Goodwin and 

Mai ley, 2, 23: 22; 06. (27) Goodwin and Mailey, 2, 26: 28; 08. (*•) 

Gdnther-Schulze, 7, 89: 168; 15. (2») GQnther-Schulze, 9, 25: 330; 19 

(30) Guinchant, 34. 134: 1224; 02. (31) Hevesy, 137, 3: No. 13; 21. (**) 

Iibekov and Plotnikov, 63, 43: 18; 11. (33) Jaeger and Kapma, 93, 113: 

27; 20. (34) Jakubsohn and Rabinovich, 7, 116: 359; 25. (3 5) J 0 ff6 and 

Zechnowitaer , 208, 6: 36; 26. (36) Ketzer, 9, 26: 77; 20. (37) Klemen- 

siewicz, 7, 113: 28; 24. ( 3 «) Klemm and Biltz, 93, 152: 225; 26. (J®) 

KoenigBberger and Schilling, 8, 32: 179; 10. 

(40) Kohlrausch, 8, 17: 642; 82. («») Levi, 24, 74: 1167; 15. («) Lorent and 

Hdchberg, 93, 94 : 305; 16. (43) Lorenz and Kalmus, 7, 59: 17; 07 ( 44 ) 

Nernst and Reynolds, 188, 1900: 328. (45) Ourasov, 63, 51 : 311 ; 19. ( 4 «) 

P^iabon, 34, 173: 142; 21. (47) Phipps, Lansing and Cooke, 1, 48: 112; 26. 

( 4> ) Piatti, 69, 3: 405; 26. ( 40 ) Poincar6, 6, 21: 289; 90. 

( 50 ) Sandonnini, 22, 24 I: 842; 15. ( 8I ) Sandonnini, 30, BO I: 289’ 20 (51) 

Schulze. 9, 19: 122; 13. (63) Streintz. 8, 3: 1 ; 00. (54) Streintz,' 8, 9 - 854- 
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INTERNATIONAL CRITICAL TABLES 


THE ELECTRICAL CONDUCTIVITY AND THE IONIZATION-PRODUCT OF H 2 0 


Niels 


ELECTRICAL CONDUCTIVITY 



t, °C 

1 0 

-4 

wrlO 

-19 

Ice (3) 

10 l0 «, (mho). . . . . . 

, 280 

23 

11 

i — ■■■■ 

2.6 


Water. — The specific conductance of pure liquid H a O (mho) at 
any temperature may be computed from the following equation 
using the appropriate value of p* obtained from the tables which . 
follow : 

logio « *= [log io (A X d) - 3 - 

where d is the density of water in g/ml and A( =■ Ah + + Aoh") is 
the equivalent conductance for H + + OH", all at t, °C. 

Exam-pie al 18°: log, 0 « ** logio (315.2 + 174)(0.9986) — 3 — 
7.11 = 7.42. x = 0.038 X 10“ # mho, which may be compared 
with the directly measured value 0.042 X 10”* for Kohlrausch 
and Heydweiller’s “best” water. 

IONIZATION PRODUCT 

K w *= [H + ] (OH“); [H + ] and [OH - ] are the concentrations in 
moles per 1000 grams of water. 


Values of the Ionization-Exponent of Water: — logio K K ** p „' 


f,°C 

Calculated 
from the 
conductance 
of the 
purest 

water f 

Calculated from the hydrolysis of salts of 
weak acids and weak bases 

Ionization of the salt 
calculated from con- 
ductance 

Activity^coefficient 
of the ions, /, calcu- 
lated by means of 
the formula: — logio 

/ - o.3.-^c; 


(*.«) 

( 9 ) 1 

( 4 ) 

(»> I 

( 4 ) 

0 

14.93 


15.05 


14.99 

10 

14.62 

14.51 


14.47 


15 

4 

14.34 


14.30 


18 

14.22 


14.34 


14.27 

25 

13.98 

13.98 

14.09 

13.94 

14.03 

40 


13.53 


13.49 


50 

13.25 

13.29 


13.26 




(»)t 

( 14 U 



100 


12.28 




156 


11.57 




218 



11.19 



306 



11.46 




• pH in pur* liquid H*0 — Hp» *“ lot »• d. 

t Th* value* in the table are calculated from the formula of Heydweilier (*): 
— I o(ii Km - ©099.6/(273 + I) -f 24.26 log,, (273 -M) - 66.4678 
X Recomputed to mole/1000 gram water 


LITERATURE 

(For a key to the periodical* *ee end of volume) 

(») Bjerrum and Unmack, 757, t: No. 1; 29. (*) Heydweilier, 8, St 

508; 09. (*) Johnatone, 888, IS : 126; 12. («) Kanolt, 168, Ho. tl: 285; 07 

(•) Kohlrausch and Heydweilier, 8, U: 209; 94. . (•) Kohlrau*ch and Heyd- 
weilier, 7, 14: 317; 94. ( 7 ) Lewi* and Randall, Thermodynamic* and the 


Bjerrum 


Calculated from the potential of cells with hydrogen electrode^ in 

acid and alkaline solutions 


l, °c 

Ion-concentrations calculated 
by means of conductance 
measurements 

Activity-coeffi- 
cients of the ions ' 
calculated on 
thermodynamical 
basis 


(•) i 

(>*) i 

( ,o ) i 

(»») 

o* i 

(»)t 

0 

14.87 




14.945 

14.926 

18 

14.15 


14.13 

14 14 

14.239 

14.222 

25 j 

13.92 

13.91 

13.89 


13.998 

13.980 

30 

13.76 


13.72 




37 



13.50 


13.626 

13.590 

40 

13.41 


13.42 




50 

13.06 




13.273 


60 

12.90 






70 

12.67 






80 

12.46 





• 

90 

12.37 





\ 

100 





12.29 

. - — 


• The potential measurement* are made at 25°, and from the value of £• at 
25° the value* at the other temperature* are calculated, uaing for the heat of 
neutralisation 29 210— 53 T, which give* for Km »he following formula: - logi $Km 
- 6384.7/(273.1 +l) + 2©.676.1ogio (273.1 + 0 - 73.424 
f Dcby*-HQckel aquare-root formula u»ed a* the limiting law for C • 0. 


Best values 


t, »c 

P« 

f, °C 


0 

14.93 

50 

13.26 

5 

14.72 

60 

13.03 * 

10 

14 53 

70 

12.82 

15 

14.34 

80 

12.63 

18 

14.23 

90 

12.45 

20 

14.16 

100 

12.29 

25 

13.99 

150 

11.63 

30 

13.83 

200 

11.26 

35 

13.67 

250 

11.17 

37 

13.61 

300 

11.40 

40 

13 52 

306 

11.46 

45 

13.39 




Computed by means of the values in the foregoing tables. 
Below 100° the values from potential and hydrolysis ^^T***" 
nations based upon dissociation computed from conductance data 
are not used. Of the other values the greatest weight is given 
the potential determinations. 


free energy of chemical eu beta nee*. New York, McGraw-Hill, 1928. (*) 

Loren* and Bfihi, 7, $4 : 733; 09. (•) LundAn, A*. I: 874; 07. 

(»•) Michael!*, Die Wa**er*toffionsnkonxentration. Berlin, Sprmgrr, 

(»«) Noye* and Katn, 168, Ho. tt: 153; 07. (»») Poma and Tan*.. 7 t 

55; 12. (>*) Sdreneen, 806, 11: 131; 09. ( ,4 > Socman. 168, Ho. *•• 

07 . 


ELECTRICAL RESISTIVITY: SINGLE CRYSTALS 


1 53 


££££££ 5? t S L STIVITY 0F (D SINGLE CRYSTALS, (2) SOLID POOR CONDUCT* 
(EXCEPT SALTS), (3) MIXTURES OF RARE EARTH OXIDES AND (4) LIOUID 

MIXTURES SUITABLE FOR HIGH RESISTANCES 


G. M. J. Mackay 


Contents Matures 

Pure substances. Substances pures. 

Minerals and other single Min^raux et autres cristaux 
crystals. isol&. 

Nernst and Auer mixtures Masses de Nemst et d’Auer 
containing rare earth oxides. contenant des oxydes des 

terres rares. 

Mixed liquids suitable for high Melanges liquides convenant 
resistances. pour hautes resistances. 

Effect of pressure. Effet de la pression. 

Surface resistivity. Resistance de surface. 

Effect of humidity. Effet de 1’humiditA 

Salts (excepting conduction in single crystals), pure liquids, 
electrolytic solutions, and industrial materials, are specifically 

excluded from this section of the Tables; v. Index at end of Vol. 

"V II. 

In view of the large effect produced by traces of impurities, 
by variations in absorption, polarization, surface leakage, etc., 
the values given should be regarded, in most cases, as mere approxi- 
mations. The resistivity of specimens of minerals from different 
localities may differ by several hundred fold. 

For high frequency alternating current resistance, see (is, 17). 

for Hall effect, see (24, 27) ; f or mixtures of oxides, see Table 3 

and (42). 

Table 1.— Electrical Resistivity ( p ) of Poor Conductors: 

Pure Substances 

p * A X 10*; a » solid, l = liquid; 5 denotes -5; if A = 7.8 
and n — 5, then p = 7.8 X 10~ 5 . (In certain cases P/ can be 
computed by means of one of the following formulae: pt = Po j l -j. 
at (10)-* J ; pi * Po (l 4- 0/(10)“* ± 0/*(lO)~ 6 | e~ qt / TJ '\ T[T^\ = 
absolute temperature corresponding to f[0°C], T 0 = 273. 1°K- if 
* < 0°C use the minus sign before the 0. Values ^coefficients 
are given after numerical data.) Unit of p = 1 ohm cm = 0.3937 
ohm. in. Centigrade temperatures, °C. 

Elementary Substances 
B, Cast* (47) I t m 


t 

0 

600 


-18.5 


1030 

1170 

1250 

1380 


4.1 

42.7 

Ills 
112 1 


A 

1.8 < 

1 ca. ( 

Br (35) 

I 1.25 1 11 

C, Diamond ( 44 ) 
/ 4.7 14 

\ 3.2 13 

> 1 7 

• 9.2 6 

4.4 6 

_ 7.5 5 

- , Ce («) 

1 7.8 | 5 

I (34) 

1 1 13f 10 

r Ilf 8 

6.2 7 

1.4 a 


(*) 


10 

8 

7(») 
3 (*) 


La (7) 
t A • 

18 5 9 

Nd («) 

18 | 7.9 1 

P (18) 

15s 8.4 

42s 1.6 

25 1 2.3 

Black PJ (li) 
0 1.000 

50 6.62 

100 4 21 

Pr («) 

18 [ 8.8 . 1 

S (is) 

20 1.9 

30 3.9 

55 3.95 ] 

09 1.78 ] 

HO 4.8 1 

115/ 9.5 1 

See also p. 141 


17 (15) 
16 (15) 
15 
14 
12 
11 


INHALTSVERZEICHNI8 

Reine Stoffe. 

Mineralien und andere Eirizel- 
kristalle. 

Nernst- und Auer- Mischungen, 
enthaltend Oxyde seltener 
Erden. 

Fliissige Mischungen, die sich 
filr hohen Widenstand eignen. 

Einfluss des Druckes. 

Oberflachen-Widerstand. 
Einfluss der Feuchtigkeit. 

Se ; see p. 141 

Si, Crystalline (267) 

f I A | n 
a-form 

-189 2.90 I 

-30 1.13 I 

+ 15 9.0 2 

129 5.0 2 

210 | 3.9 | 5 

a = 3.682, /3 = -8.4, q = 800 


Indice p Aai! 

Sostanze pure 153 

Minerali ed altri cristalli 

singoli 154 

Miscele di Nernst e di Auer 
contenenti ossidi di terre 

rare 155 

Miscele liquide adatte per 

alte resistente 155 

Effetto della pressione 155 

Resistivity superficiale. 

Effetto deH’uinidity 155 

Si. — ( Continued) 

1 I A | n 
/3-form 

210 1.62 I 

435 8.5 2 

7-form 

440 1.00 I 

835 2.2 2 

?. = 5,04, 0 = —3.1, Q = 3QQQ 

Te ; see p. 142 


• 

Compounds; Standard Arrangement 
v. Vol. Ill, p. viii 



Bi 2 0, (21) 


t 

A 

n 

225 

2.34 

8 

424 

1.44 

5 

645 

6.01 

3 


SiOi ; see Table 2 

TiO, (42) 

015 11.73 3 

1000 7.49 3 

1320 . 4 40 2 

SnO; p < for Sn0 2 (42) 


PbO a § (33) 

/ A n 

0 9 08 5 

a = 0.6, if 22°" ^ / ^ 84°C 

ZnO (42) 

160 9 34 3 

605 5.9 1 

1000 2.60 0 

1320 1.66 0 


785 

6.56 

3 

1000 

2.56 

2 

1320 

1.01 

1 


785 

6.73 

3 

ldoo 

7.13 

2 

1200 

3.26 

1 

1330 

5.0 

0 


- 81 
+ 25 
250 


- 81 
+ 25 
250 


- 81 
+ 25 
250 


SnAs (32) 

7.97 

4.97 
6 36 

Sn 2 As 3 (32) 

7.21 
3 67 
6 32 

Sn,As 2 (32) 
8.58 
6.43 


122 2.12 6 

265 3.55 *(42) 

463 1.67 2 

750 2.08 0 (42) 

1000 3.2 J (42) 

1038 9.6 2 

1120 1.5 I 1 (42) 

MnO; p < for MnaOi (4») 
Mn s O« (42) • 

560 2.01 3 

695 3.50 2 

1000 I.43 1 

1280 7.2 I 

Fe 2 Oj (42) 

570 6.24 3 

700 10.38 2 

1000 8.23 1 

1015 6 84 1 


PbO (21) 


384 2.59 

7 

572 2.67 

5 

787 1 . 22 

3 


4 


•Ki: 


i i 


590 

700 

1000 

1245 


345 

750 

1000 

1215 


NiO (42) 

6.70 
1.02 
1 44 
2.4 


CrjO* (42) 
12.65 
7.8 
4.0 

2.13 


WO, Blue; p very low (42) 


25 


763 

1011 

1466 


307 

355 

497 


20 

109 

284 


CaO (21) 
7.25 
2.06 
9.6 


BaO (21) 
1 

1.06 
2 17 


N ai 0 5 (2i) 
2.5 
6.0 

1.0 



25 

1382 

1942 


W,C|| (l) 
8.1 
1.05 
1 25 


* tor B. p varies with emf (*•) 
t fit « fioe* 1 ; for I, X - —0.126 
| Variation with prcasurr (*•) 
Unit of P - 1000 kg/om* 



1210 


1.87 


| Electrolysed crystalline platan. 

H Carbonized W filaments. 

Table 2.— Electrical Resistivity ( p ) of Minerals and Other 

Single Non-Metallic Crystals 

p = A X 10"; pi - p 0 |l + al(10)-*}; P< - p,(l + «i(10)-> ± 
0f*(lO)~ e |e~ ff</rr °; TlTo) * absolute temperature corresponding 
to f[0°C], To =* 273. 1°K; if t < 0°C use the minus sign before 
the 0 p « / (r) denotes that p varies with the emf. After 
the name of the mineral the crystal system to which it belongs is 
indicated. Iso =* Isometric, regular, cubic system, a = b * c, 
a l(>lclo; Hex = Hexagonal oi = oi » * c, c ± plane 

of Oi, aj, a,; Orth “ Orthorhombic, a^b^c^ a, a±b±c± 
a; Mon * Monoclinic, aide, a not JL c; Tri * Triclinic, 
three axes, no two mutually _1_. These a, b, t are the crystallo- 
graphic axes. In column (1) the direction of the current with 
reference to the crystallographic axes is indicated. Unit of 
p - 1 ohm cm « 0.3937 ohm in. Centigrado temperatures, °C. 


SbjSj, Stibnitc (Orth) 
t A n Lit. 

17 36 6 (2°) 

37 2.28 6 (J«) 

510 2.74 0 (26) 

570 0.25 I 0 (2®) 

P«/(tO ( 38 > 


C, Diamond (Iso): etc Table 1 


SiOt, Quartz (Hex) 

20 1.18 14 (H) 

26.5 2.0 22 (27) 

100 8.18 11 (14) 


SiOt (after fusing) 


t 

25 

486 

869 

1288 


A 

1 

5 58 
2.41 
3 83 


n Lit. 
20 (4») 

8 (*») 
6 ( 21 ) 

5 ( al ) 


See also p. 341 


PbS, Galena (Iso) 


3 («) 

2 


20 3.2 
26.4 4 3 
100 1.3 
25 5 


2.0 22 (27) 

8.18 11 (14) 
3 27 16 (14) 
4.3 24 (27; 

1.34 15 (14) 
5 16 (4«; 


See aUo p. 341 


, « 5.24, if —180° £ t Z 150' 


CuSO h . 6H,0 (purified) (Tri) 
I 17 I G.7 |U| («) 


CucAa, Algodomte (Orth) 

I 4.15 3 (») 

6.34* l 


.69 


AgjS; p «/(*) (18) 


FeS, a Pyrrhotite (Hex) 
c - 73 6.45 4[ (26) 

c 0 5.5 4 

c + 18 5 35 i 

c 165 4.30 4 

c 350 3.87 4 

c - 68 5.0 4 

c 0 4 4' 4 

c + 19 4 23 4 

c 104 3.55 4 

c 310 2.62 4 

•or |c, a *» 4.75, 0 =■ 2.65, 



1 0° 

50° 

100° 

1.000 

0.796 

0.643 

0.372 

0.1079 

0.0297 

0.662 

0.621 

0.406 

0.239 

0.0760 

0.0238 

0.421 

0.323 

0.250 

0 1617 

0 0512 

0 0209 


FeSj, Pyritef (Iso) 


* 3.65, 0 « 3.7, 9-240 


FeS a , Marcasite (Orth) 
i 0 16.56 0 (28) 

) 16 10.25 0 

!> 118 2.75 0 

i 243 130 0 

= 2.64. 8 « 9. a - 18.50 


(Hex) 

1 (4) 
1 (*) 
I (*) 
T (U 
T (8) 

T (4) 

1 ( 8 ) 

1 (8) 

1 (•) 
1 (8) 
- 0.26, 


Fe 2 O i? Specularitef (Hex) 
||c 0 8.2 I (4) 

||c 0 8.76 1 (8) 

||c 16 7.04 1 (2) 

||c 123 2.69 1 (2) 

||c 237 1.66 I (8) 

JLc 0 4.2 1 (4) 

±c 0 4.31 1 (8) 

±c 18 3 3.51 2 (*) 

±c 100 1.75 1 (•) 

Xc 238 0.96 1 (8) 

For ||c, « * 3.87, 0 - 0.26, 
q - 1400 (8) 

For Xc, a •=■ 3.83, 0 — 0.45, 
q - 1290 (») 


Fe,0«, Magnetite! (Iso) 

- 61 5.1 2i (86 ) 

+ 21 3.6 2 

111 288 2 

190 2 77 5 

(u) 19 1 08 0 (•*) 

( v ) 17 7.4 1 

(ip; 25 1.37 1 

(x) * 6.0 I; 

(v) 16 2.2 1. 


CaFi, Fluorite (Iso) 



20 

7.9 

17 (14) 

110 

4.21 

13 

155 

6.67 

11 


CaCO,, Iceland spar (Hex) 


- 78 

2.51 

2 (*•) 

Ik 

0 

2.40 

2 <») 

J-C 

0 

2.9 

5 («) 

_Lc 

+ 20 

2.40 

2 (*») 

lc 

121 

3 00 

2 («) 


340 

1 

3.88 

2 (*3) 



20 

20 

100 

100 

20 


1.45 H (88) 
9.5 15 (14) 

6.25 10 (88) 
2 37 12 (14) 
5 5 14 (14) 

9.9 22 (86) 


27.8 9.9 22 ( s ») 

100 4 95 11 ft*). 


CaCOi, Marble 
22 5 91 ft 1 ) 

22 1 ? • 


0«, Barite (Orth) 

726 1.5 5 (»•) 

963 1.0 4 


1.5 

1.0 


5 (*•) 

4 


Polarization emf — 1 to 1.4 

volt v 


NaCl, Rocksalt (Iso) 

I 20 4.6 16 (46) 

100 1.38 13 

400 8.27 7 

750 4.28 3 _ 



m 


&N 


1 

1; 
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KCl.KBr, Mixed crystal 


1 t 

1 

A 

n 

Lit. 

520 

2.50 

0 

( 41 ) 

! 640 

1.20 

5 


! 720 

1.17 

_4 



a After fusing. 

+ For effect of pressure, ». Table 5. 


J Magnetite: A - (p — Pr)/P, where 
«■ value of p for a longitudinal 
compression of 887 kg/cm*. 


| Source 

a 

100A 

(«) j New York 

6.8 

0.52 

(<■» 1 New York 

6.1 

2.04 (slaty) 


KAlSiiOs, Orthoclase (Mon) 



t 

A 

n 

Lit. 

116 

800 

8.5 

3 

(26) 

II b 

1000 

0 80 j 

3 



(Magnetite. — 

( Continued ) 


Source 

a 


(w) ‘j 

Russia 



(x) 

Arkansas 

4.0 


Cl/) 

Tilly Foster, 

7.9 



New Yerk 


■1 


llogtsp - 4780/ T - 2.17. 

|| Perpendicular to rhombohodrol 
face (1011). 


4. able 3. Electrical Resistivity (p) or Nernst and Auer 

Mixtures Containing Rare Earths (*8) 

For laboratory construction of Nenurt filaments, v. (*«). Unit of 
p ° 1 ohm-cm; t »= centigrade temperature, °C; p * A X 10* 


Mixture 

t 

A 

n 

Nernst (oxides of Zr, Y, Er) 

230 

2.72 



303 

1.92 

5 


400 

1.02 

4 


571 

3 98 

2 


922 

1.29 

1 


1252 

3.49 

0 

Atier (oxides of Ce, Th) 

745 

2.19 

4 


890 

7.85 

3 


1068 

1.99 

3 

— 

1211 

6.40 

2 


# 

Table 4. Resistivity or Mixed Liquids Suitable ron Making 
High Resistances: Mixtures or Xylene and Ethyl 

Alcohol (**) 

P * % CiH*OH by weight; p * A X 10*; an = (~j^) 

\f> Cu / it°C 

Unit of p - 1 ohm cm; of P - 1%; Temperature = 25.6°C 



P ~ 25, an 
0.0124. 


0.0117; P - 10.2, a 1& * 0.0168; P = 5.5, a 


It 


Table 5. — Effect of Pressure upon Resistivity of Pooh 

Conductors (*) 

If Ap = p p — PX} where p p , p, = volume resistivity when hydro- 
static pressure = p, = 1, respectively; then 

Ap * , 1 Ap\ 

p.(p^W + 2jJ- 


a X 10~« 


Table 5. — ( Continued ) 

pi ** A X 10 n ; ||c, J_c denote that the current is ||, J_ to the 
crystallographic c-axis. Unit of p = 1 ohm cm; of p » l atmos- 
phere; temperature = 0°C. 


Substance 


A 

n 

V 

— a 

FeS 2 

Pvrite 


2.9 

3 

2550 

23.1 

Fe 2 0 3 

Specularite 

lie 

8.2 

1 

2510 

8.2 



_Le 

4 2 

1 

2520 

6.8 

Fe,0 4 

Magnetite 


v. Note,J Table 2 

P 

1 Phosphorus 


v. Note,} Table 1 


Table 6. — Surface Resistivity: Effect of Humidity or 

Air ( 39 ) 

The ability to maintain a high resistance when surrounded by 
moist air increases in the order glas9, ebonite, amber, sulfur, paraf- 
fin. H = relative humidity; R = resistance of a 2 cm length of a 
polished amber cylinder 0.5 cm in diameter; observations made in 
order of the entries in table, (v.s.) * very small. Unit .of 
R = 10 12 ohm; of H =* 1%. Room temperature. 


H 

77.5 


CM 

oo 

85 

86 

88 

90 

93, 

82 

96 

82 

99 

82 

100 

82 

R 



204 

98 

65] 

40 

20 

4| 

198i 

1.6 

94 | 

0.4 

42; 

(v.8.)] 

1.4 
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ELECTRICAL CONDUCTIVITY OF FLAMES 

Harold A. Wilson 


Nearly all data pertaining to the electrical conductivity of 
flames are purely relative and depend upon the particular flame 
used; as the temperature of the flame is, in general, not known, 
the data are not reproducible. Typical data are given in Tables 
1 and 2. For additional data and details, the original sources 
listed in the bibliography should be consulted. See also Humlbuch 
der Experimental Physik, VoL XIII, Part I, Elektrischen Eigenschaf- 
ten der Flamme, A. Becker, 1929. 

Table 1. — Electrical Properties of Bunsen Flame 
Approximately 2000°K 


Property 

Value 

Lit, 

Velocity, negative ions (electrons) 

2600 cm sec -1 per 
volt cm" 1 

( 4 , 6 , 18 , 
31 , 32 , 

38 , 38 , 39 ) 

Velocitv, positive ions 

1 or 2 cm sec” 1 
per volt cm" 1 

( 1 , 2 , 3 , 6 , 
18 , 29 , 

32 , 33 ) 

( 4 , 32 , 38 ) 

Resistivity 

4 X 10* oh in -cm 


Table 2. — Electrical Properties of Metallic Vapors in 


Bunsen Flame 
Approximately 2000°K 


Property 

Li 

Na K| Rb Cs 

Unit 

| Lit, 

Conductivity, equal 

0.5 

1 

7 

12 

21 

Na - 1 

( 6 , 18 , 32 , 

atomic concentrations. 







34 , 38 , 39 ) 

Atomic concentration, 

1700 

440 

9 

4 

1 

Cs * 1 

( 6 , 18 , 32 , 

equal conductivities . 







34 ) 

Atoms ionized, concen- 








tration very low 


1.6 

58 

69 

91 

% 

( 4 , 26 , 34 ) 


Table 2. — ( Continued ) 

Property 

Ionization of alkali vapors approximately agrees with 
that calculated by Saha's theory 

Hall effect: Y/X » 2.45 X 10 "‘tf; X « longitudinal 
electric field, Y * transverse electric field due to Hall 
effect, U =* intensity of magnetic field (in gauss) 


Lit._ 

(«, 

39 ) 

( 11 , 12 , 13 , 
18 , 33 , 40 , 

41 ) 
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ELECTRICAL RESISTIVITY OF ALLOYS, AMALGAMS, AND COMMERCIAL METALS 


C. V. Drysdale 1 
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Symbols. 
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Resistivity of alloys, amalgams, 
and commercial metals. 

Resistivity of non-mercuric 
near and above their 
normal melting point. 

Effect of heat treatment upon 
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Additional references. 
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de leurs points de fusion. 
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Legierungen, der Amalgame 
und der Handekmetalle. 

Widers i Hg-freier Legierun- 

gen ‘ r Niihe oder oberhalb 

ihres hmelzpunktcs. 
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auf den Widerstand der 
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dei acciai ^00 

Indicazioni bibliografiche 
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In general, this report does not include the effect of either a 
magnetic field or of illumination upon the resistivity, nor the 
resistivity of single crystals; the resistivities of pure metals enter 
only incidentally as terminal members in series of alloys; and only 

such commercial metals are considered as are of interest to 
electricians. 

With certain obvious exceptions, all data pertaining to the 
resistivity and its variation with temperature, heat treatment, 
composition of the alloy, etc. are given in Table 2. 

Alloys that have distinctive names and are of special interest to 

1 Assisted by Messrs. A. C. Jolley and 8. J. Willis. 


electricians are listed alphabetically in Table 1 which serves as an 
index to them; there the approximate ranges in resistivity and 
temperature coefficient are given. 

Caution . — The composition and electrical properties of alloys 
sold under manufacturers’ trade names are to a greater or less 
extent under he control of the manufacturer. The reader 
cannot, therefore, assume that such an alloy obtained from a 
manufacturer will have the properties shown below. The data 
given in this section have been compiled from various sources and 
for nam e<f alloys may be subject to change. For more explicit 
information the manufacturer should always be consulted. 
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A 
A, 
a, b 

C 

c< 

Cst 

D 


D t 

D 

Dd 

Dr 

e 

elec 

F 

Hr 

Hm 

l 

k 

N 

O 

Q 
Q • 

R 

R. 

8 


SYMBOLS 

Annealed. 

Annealed from t, °C. 

Coefficients in (p,)H*/(p,)Amai*» m = a + bt(10) -6 . 
Concentration; % by weight of alloying element in total 
weight of alloy. 

Concentration of total impurities. 

Cast. • 

D — 100dp/d£, or D = 100d/2/dt. When inserted in a 
series of values of t or of p ( , the observations show that 
it applies throughout the range bounded by the adja- 
cent values of t or of pi. 

Value of D when the temperature exceeds f, °C. 

Drawn (wire). 

Drawn, hard. 

Temper drawn by reheating to <Dr, °C. 

Coefficients in p = po 4" 6jCi 4" 6iCj. 

Electrolytic. 

Forged. 

Hardened at t, °C ( cf . Q). 

Hammered. 

Liquid. 

Per cent decrease in conductivity per 1 % concentration : 

pc Pc— 0 = k Cp c /1 00 2 E b e . 

Normal, normalized (cooled in still air). 

Before specific heat treatment. 

Quenched. 

Quenched from t, °C. 

Relative resistivity; frequently the unit is unknown. 
Rolled cold. 


A 
A, 
a, b 




Sat. 

Saturated. 

Tp 

Tempered. 

Tp, 

Tempered at t, °C. 

t 

Temperature, °C. 

<A 

Annealing temperature. 

*Dr 

Drawing temperature; tern] 
specimen was reheated. 

tm 

Melting temperature. 

tR 

Room temperature. 

t. 

Solidifying temperature. 

*Tp 

Tempering temperature. 

tr. 

Trace; very small amount. 

vac 

In vacuum. 

Wk, 

Worked cold. 

0, y 

Coefficients in p t = p r [l 4- 


*/ 

* 

Or 

A|f 

A, 

'|A/, 

P 

PA 

Pt 


10" 8 4- y r(t - r)»10-»); and similarly for R t . Unless 
another value is indicated, f is 0. When only a or a 
and ii are given, the others are zero. 

Per cent decrease in P on fusion; b f = 100(pi - p ,)/ p/ . 
Increase in p due to adding C% of second metal; see k. 
Per cent increase in p due to cold hardening; Ah = 100 X 
(ph - pa)/ pa- 

Mean temperature coefficient between 0 and t °C' A, = 

1000( Pt — p 0 ) / pot. 

Mean temperature coefficient, based on Po , between t x and 

U; i, At, = 1000(pt t — Ptl ) -7- p 0 (L — o). 

Resistivity; specific resistance. 

Resistivity of annealed specimen. Similarly for p Tp , 

pHm, ete. 

Resistivity at t. °C. 


Ci 

Cst 

D 


D t 

D 

Dd 

Dr 

e 

elec 

F 

Ht 

Hm 

l 

k 

N 

O 

Q 

Q< 

R 

R e 

8 

Sat. 

Tp 

Tp* 

t 

U 

*Dr 

U 

tn 

t. 

tT V 

tr. 

vac 

Wk e 

0, 7 


6c 


Ah 


p 

PA 

pt 


SYMBOLES 

Recuit. 

Recuit de t, °C. 

Coefficients dans l’expression (p/)n»/(pt)A^i ff .^ * a + 
bi(10)“«. 

Concentration,^ en poids d’61ement d’alliage en poids 
total d’alliage. 

Concentration des impuret^s totales. 

CouIA 

D = lOOdp/dJ, ou D = 100dff/d£. Quand celui-ci est 
introduit dans une s6rie de valeurs de t ou de p h les 
observations montrent qu’il est applicable dans tout 
1'intervalle compris entre valeurs auccessives de t ou de 

pi- 

Valeur de D quand la temperature est au-dessus de t, °C 
£tir6 (Fil). 

£tir6, dur. 

Revenu d^truit par reehauffage A tr> r , °C. 

Coefficients dans l’expression: p = Po -f eiCi + e t C t . 
£lectrolytique. 

ForgA 

Durci k t, °C (cf. Q). 

MartelA 

Liquide. 

Diminution de conductibility en pourcent pour 1 % de 
concentration: p c - Pc-0 = kCp e /100 s b e . 

Normal, normalise (refroidi dans l’air calme). 

Avant le traitement thermique sp^cifique. 

TrempA 

Tremp6 de t, °C. 

Resistivity relative; frdquerament lunite de celle-ci 
n ’est pas connue. 

La min 6, froid. 

Solide. 

SaturA 

Revenu. 

Revenu & t , °C. 

Temperature, °C. 

Temperature de recuit. 

Temperature d’etirago; la temperature k laquelle l’6chan- 
tillon trempe a 6U rechauffe. 

Temperature de fusion. 

Temperature de la chambre. 

Temperature de solidification. 

Temperature de revenu. 

Trace; trds petite quantity. 

Dans le vide. 

Travailie, froid. 

Coefficients dans I’expression: p t = p*/[l -f- a ^(t — t')X 

10-3 + - n* 10 “* 4 - 7 p(t - r)* 10 -»); et de 

mem ° P°ur R,. A moins dune autre indication, V 
est 0. Quand on ne donne que a ou a et 0, les autres 
coefficients sont egaux k zero. 

Diminution en pourcent de p lore de la fusion: b , = 

lOCHpf — p t )/pi. 

Augmentation de p due k 1 ’addition de C% d ’un deuxiSme 
metal; voir k. 

Augmentation en pourcent due au durcissement k froid: 

Ah = 100(ph — pa)/pa- 

Coefficient moyen de temperature entre 0 et t °C' A* — 

1000(p« - Po )/ PoL ’ ^ 

Coefficient moyen de temperature base sur Po entre t x 

fVv ,lA "- = H>00(p (J - Pti ) + Po (f, 

Resistivite, resistance specifique. 

liesistivite de l’echan tillon recuit. De mdme pour 

PTp, pHm, etC. 

Resistivite k t, °C. 
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ZEICHEN 

A Ausgegliiht. 

A t Ausgegliiht von t , C C. 

a, b Koeffizient von (pi)h,/(pi) = a -f bf(10)-«. 

C Konzentration; % in Mass von Legierungs Element in 

gesammter Mass von Lcgierung. 

C% Konzentration siimmtlicher Vcrunreinigungen. 

Cst Gegossen. 

D D = 100dp/ch odor D = 100d/?/d(. Setzt man eine 
' Reihe von Werten fi'ir t oder p , ein, so zeigen die 
Beobachtungen, dass der Wert ( D ) in dem dureh die 
Nachbnrwerte von l oder p, begrenzten Bereiche 
Gliltigkeit hat. 

D t Werte von D wenn die Tcmperatur grosser ist als tf°C. 

D Gezogen (Draht). 

Dd Hart gezogen. 

Dr Angelassenes Stiiek gezogen durch Wiedererwarmung auf 

tor, °C. 

e Koeffizient von p = p 0 4- eiCi 4- eiC*. 

elec Elektrolvtisch. 

F Geschmiedet. 

H< Gehartet bei t , °C ( cf . Q). 

Hm Gehammert. 

I Fliissigkeit. 

k Abnahme in % der Leitfiihigkeit pro 1 % der Konzentra- 

tion: p t — Pr—O = kCpr/100 = 5 e . 

N Normal, Normalisiert (in ruhiger Luft gekiililt). 

O Vor der spczifischen Wiimiebehandhing. 

Q Abgeschreckt. 

Q i Abgeschreckt von (, °C. 

R Relativer Widerstand dessen Einheit haufig unbekannt ist. 

R e Kalt gewalzt. 

s Feste Stoffe. 

Sat. Gesiittigt. 

Tp Angclassen. 

Tp» Angelassen bei t, °C. 

t Temperatur, °C. 

to Temperatur des Ausgltihens. 

tor Temperatur beim Ziehen; Temperatur auf welche die 

abgeschreckte Probe wiederholt erhitzt wurde. 
t m Schmelztemperatur. 

to Zimmer Temperatur. 

b Erstarrungstemperatur. 

top Temperatur beim Anlasscn. 

tr. Spur; sehr kleincr Betrag. 

vac In Luftleere. 

Wk c Kalt geschmiedet. 

a, 0, y Koeffizient von pi - p,/[ 1 4- ac(t — f')10"* 4- 0t'(t — 

t') 7 10 -8 4- yt'U — O’lO” 5 !; in gleicher Weise fur R, 
Wenn nicht ein anderer Wert angegeben ist, betragt 
i' = 0. Sind nur a oder a und 0 angegeben so sind die 
anderen Null. 

3/ Abnahme in % von p beim Schiqelzen; 3/ = 100(pi — 

pj/pi. 

b e Zunahme von p beim Zusatz von C% des zweiten 

Metalles; aiehc k. 

Ah Zunahme in % von p durch Kalthartung; Ah = 100 (pn 

— pa)/ pa. 

A, Mittlerer Temperaturkoeffizient zwischen 0 und f, °C; A, 

= lOOOto, — Po)/po(. 

ilAu Mittlerer Temperaturkoeffizient, auf Grund von po 

zwischen b und to; i,A 0 = 1000 tot* — ph) + Po(to — 

to). 

p Widerstand; spezifischer Widerstand. 

fix Widerstand der ausgeglOhten Probe. In gleicher Weise 

fUr pTp, PUm, u. s. w. 

Pt Widerstand bei t, °C. ' 


SIMBOLI 

A Ricotto. 

At Ricotto a t, °C. 

a, b Coefficient in (p,)H«/(p,)Am»i**® = a+ bf(10)"«. 

C Concentrazioni ; % in peso del’elemento in peso totale delle 

leghe. 

Ci Concentrazioni delle impurezze totali. 

Cst Gettato. 

D D = 100dp/d<, o D = 100d/?/db Quando inserito in una 

serie di valori di t o di p, le osservazioni mostrano che si 
applica per tutto il campo limitato dai valori adiacenti 
di t o di pi. 

D t Valore di D quando la temperatura d al di sopra di t, °C. 
D Trafilato. 

Dd Trafilato, duro. 

Dr Rinvenuto per riscaldamento a /d,, °C. 

e Coefficiente in p = p 0 4- eiCi 4- ejCj. 

elec Elettrolitico. 

F Forgiato. 

Hi Indurito a t, °C (cf. Q). 

Hm Martellato. 

I Liquido. 

k Diminuzione per cento della conduttivitA per 1 % di 

conccntrazione: p e — p f -o = kCp f /100 s b e . 

N Normale, normalizzato (rafTreddato all’aria calma). 

O Prima del trattamento termico specifico. 

Q Temprato. 

Q i Temprato da t, °C. 

R Resistivity relativa; spesso l’unity £ sconosciuta. 

R e Laminato a freddo. 

8 Solido. 

Sat. Saturato. 

Tp Rinvenuto. 

Tp, Rinvenuto a t, °C. 

t Temperatura, °C. 

to Temperatura di ricottura. 

tor Temperatura di rinvenimento; temperatura alia quale il 

campione temprato veniva riscaldato. 
t m Temperatura di fusione. 

to Temperatura ambiente. 

to Temperatura di solidificazione. 

top Temperatura di rinvenimento. 

tr. Traccia; piccolissima quantity. , 

vac Nel vuoto. 

Wk, Lavorato a freddo. 

a, 0 , y Coefficienti in p, = p/[l 4- a t >(t ~ bJlO"* 4- /V(* ~ * 

10"® 4- y/(t - / / )*10"*1; e similmente per Rt. A meno 
che sia indicate un altro valore t' t 0. Quando sono 
dati a o a e 0, gli altri sono zero. 

3/ Diminuzione per cento in p nella fusione; 3/ “ 1 p| 

3 e Aumcnto in p dovuto all’aggiunta di C % del secondo 

metallo; vedi k. , . 

Ah Aumcnto per cento in p dovuto all indurimento pro o 

dalla lavorazione a freddo; Ah 13 100(ph o pa /P * 

A, Coefficiente di temperatura media tra 0 e I, » 1 

1000(p, — po)/pof. . e 

,t An Coefficiente di temperatura media basato su po, > 

ti) n An = 1000(p„ - pi i) + Po(ti — b). 
p Resistivity; resistenza specifica. 

pa Resistivity del campione ricotto. Similmente per 

cmoi. ecC. 

p, Resistivity a l, °C. 
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TABLE 1. NAMED ALLOYS 

The following list contains primarily those alloys that are elec- 
trically interesting. More exact and detailed information will be 
found at the pages indicated. 

Unit of p * 1 microhm-cm — 10"* ohm-cm; of a = 0.1 % per 1 °C 


Name 


p 

a 

48-49 

0.01-0.02 

33.3 

1.2 

3-13 

0.3-3. 8 

15 

0.64 

73 

1-5 

42 


60-80 

0.7 

5-7 

1.4-2 

13-18 

0.5 

110 

0.12 

110 

57-114 

45 


(Nichrome IV) 

70-110 

0.11-0.54 

17-44 


87 

0 67 

95.6 

0.34 

47-51 

— 0 04-( +0 . 

49.5 

Nil. 

13-17 

3.35 


63 

4.9 

(Cons tan tan) 

20 


92 

0.16 

6-80 

0.95-1 4 

29.4 

0.28 

12.6-21 

9.5 


28 

2.1 

84 

47 


17-41 

0.04-0. 3* 

10-50 


29-67 

1.2-20 

47-51 

-0.04-(+0 

49 

0.005 

75 

2 

103 

0.1 

(Nichrome III) 

86 

0.7 

83-85 

0.7-1. 3 

47-53 

2.7 

46 

0.76 

20 

0 005 

(German silver) 

107 

0 073 

15 


34-100 

-0 os-r+a' 

42.5-45 

0.02-2.0 

51 

-0 038 

(German silver) 

110 

0.4-0.03 

109-111 

0.15 

90-97 

0 05-0. 1! 

98-103 

0.18 

30-33 

0.3 


Page 


Advance 

Ahimel 

Aluminium bronze. . 
Aluminium bronze. . 

American nickel 

Argentan 

Beacon alloy 

Brass 

Bronze 

Calido 

Calorite 

Cast iron 

Cementite 

Chromax 

Chromel 

Cimet 

Climax 

Comet 

Const&n tan 

Copel 

Dowraetal 

Duralumin 

Duriron 

Eureka 

Eutectoid 

Ex cello 

Excelsior 

Extra Prima 

Fagersta steel 

Ferrite 

Ferro-nickel 

Ferro zoid 

Ferry 

German silver. . . . 

Gysinge steel 

Hadfield Mn -steel 

la-la 

Ideal 

Invar 

Karma 

Kromore 

Krupp 

Kruppin 

Lipowitz alloy. . . . 

Lucero 

Magno 

Maillechort 

Mangaloy 

Manganese nickel. 

Manganin 

Monel 

New metal 

New silver 

Nichrome 

Nichrome II 

Nichrome III 

Nichrome IV 

Nickel silver, 18% 


169, 170 

194 

162 

167 
196 

171 
196 

172 

171, 172 
194 
194 
188 
182 
193, 

193, 194 
178 
185 
185 

169, 170 
169 

162 

162 

188 

169 

178 

193, 194 
169 
196 
182 
182 
185 
196 
196 

170, 171 

182 

182, 185 
169 

169 
185 

193, 194 
193, 194 
196 
185- 
165, 197 

170 
194 

171 
196 
194 

168 

170 
196 

170, 171 

193 

193 

193 

193 

171 


Name 

P 

a 

1 Page 

Nickeline 

27-45 

0.02-0.34 

171 

No. 3 alloy 

114 


193 

No. 4 alloy 

103 


185 

No. 141 alloy 

22-30 


194 

No. 193 alloy* . 

87-96 

0.014-0.8 

185, 186 

Patent nickel 

33-34 

0.19-0.21 

169, 170 

Phosphor bronze t 

2-6 

3-4 

172 

Platini te 

45 

3 

185 

Platinoid 

34-41 

0.32-0.25 

171 

Rayo 

96 

0 102 

171, 194 

Resista 

76 

1.1 

196 

Resistin 

50.2 


168 

Rheostatine 

48 

0.25 

169 

Rheostene 

77 

12 | 

196 

Rheotan 

48-52' 

0.24-0.41 

171 

Rose’s alloy 

64 

1.8 

196 

Silicon bronze f 

2-4 

2. 3-3. 8 

172 

Silverine 

2 

2.85 

169 

Spiegeleisen 

105 


182, 188 

Superior 

81-87 

0.8-1. 1 

196 

Swedish iron 

: 20 

1.2 

174 

Tamac 

41 

0.025 

196 

Therlo 

46 5 

0.01 

168 

Tophet 

107 


194 

Vestalin 

83-85 

0.7-1 3 

185 

Welding iron 

18 

6 

175 

Wood’s metal 

51.7 

2.9 

196 


* Driver-Harritf'Co. 
t Telegraph and telephone wire®. 


TABLE 2.— RESISTIVITY OF ALLOYS, AMALGAMS, AND 

COMMERCIAL METALS 

(For effect of small amounts of impurities in “pure” metals, v. 
p. 135; for general trend of the variations of resistivity with com- 
position or with temperature, v. figures, p. 202; for resistivity of 
non-mercuric alloys near and above the melting point, v. Table 3.) 

Arrangement of alloys is, in general, alphabetical by “type 
formula,” which consists in each case of the chemical symbols 
of the essential constituents written in descending order of the 
amounts of the constituents except that for a steel, C is always 
written last. In certain cases, alloys of different type formulae 
are combined in a single group; in such cases, the type formula for 
the group contains the symbols of all the constituents of the 
group, and those that are not common to every member of the 
group are enclosed in ( ). Thus Al-Fe-(Cu, Mn, Si) indicates that 
A1 and Fe are common to every member of the group, but neither 
Cu, Mn, nor Si is common to all. If the concentrations cover the 
entire range on both sides of 50%, the entire series is given under 
the first of the two type formulae; e.g., all of the Ag-Al data are 
given under Ag-Al, and under Al-Ag there is merely a cross- 
reference. If on one side of the 50% concentration there are very 
few data, all of the data are given under the entry appropriate to 
the more numerous. There are certain obvious irregularities at 
the beginning of the Fe data. 

Alloys wk’i distinctive names are indexed in Table 1. 

Room temperature (17 to 23°C) is to be assumed unless another 
is indicated. All temperatures are expressed in °C; concentrations 
in weight % unless another is indicated; resistivities in microhm- 
cm ( = 10-* “ohm per cm cube”) unless the experimenter used an 
assumed value for the resistivity of a standard metal, in which 
case this is indicated by the form “(For Ag, Po = 1.54).” Units 

of the other quantities accord with the definitions of the corre- 
sponding symbols (see p. 157). 
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TABLE 2. — ( Continued ) 


Ag-Al 


Al (38) 

Po 

A 

100 

A 

Tp 

A 

Tp 

0 

1.47 

1.52 

4.15 

3.97 

1.3 

11.05 i 

10.87 

0.57 

0.65 

2.7 

16.9 

16.5 

0.45 

0.58 

6.1 

31.1 

31.75 

0.47 

0.27 

7.7 

36.4 

34.7 

0 69 

0.75 

8.6 

46.7 

% 

33.0 

0 44 

0.67 


35.3 

32.8 

0.51 

0.71 

11.1 

33.9 

32.4 

0.65 

0.80 

12 9 

31.4 

30.9 

0.67 

0.74 

14.1 

26.0 

27.6 

1.35 

1.07 

15.7 

26.3 

29.3 

0.92 

0.90 

16.7 

25.7 

29.6 

0.86 

0.76 

20.0 

18.5 

27.25 

1.06 

0.66 

28.1 

13.9 

20.8 

1.17 

0.63 

37.5 

9.71 

17.55 

1.56 

0.79 

50.6 

6.85 

13.6 

1.80 

0.68 

69.6 

5.46 

8.0 


1.39 

83.1 

4.53 

5.13 


1.62 

100.0 

2.49 

2.60 

4.26 

4.10 



Ag-Au (1»); cf. ( 182 , 189) 


Au 

Po 

a | 

| Au 

Po 

r^~- 

3.51 

2.29 

2.66 • 

76.83 

9.925 

0.79 

14.45 

4.295 

1.47 

85.85 

8.0 

1.02 

32.29 

7 . 645 

0.90 

94.14 

4.925 

2.89 

52.27 

66.01 

10.09 

10.21 

0.72 

0.72 

98.84 

2.76 

3.90 


Annealed ( 182 , 188 , 189) 



Ag-Bi (1*2) 



Ag-Cu 


Cu (*S3) 

PJ5 

nAioo 

A 

O 

A 

0 

0.0 


1.684 

4.17 

3.97 

0.2 



3.99 


2.4 

1.822 

• 

1.909 

3.81 

3.49 

4.2 


2.053 


3.23 

6.2 

1.914 

2.110 

3.74 

3.03 

16.4 

1 845 

2.181 

3.65 

3.00 

28.1 

1.844 

2.130 

3.76 

3.23 

41.8 

1.913 

2.162 

3.80 

3.20 

57.9 

1.909 

2.284 

3.74 

2.93 

77.95 

1.895 


3.87 


91.80 

1.832 

2.271 

3.89 

3.21 

95.02 


2. .169 


3.15 

96.65 

1.875 

2.030 

3.85 


98.31 


1.902 


3.61 

99.15 


1.856 


3.91 

100.0 

1.706 

1.750 

4.33 

4.11 


Dd, for Ag, po = 1.54 ( 182 , 188, 189) 



Ag-Au-Cu; v. Au-Ag-Cu 


* For 5.3 % Cu, A H - 8 6 if < A - 700°C (*»»). 
t From (*••). 
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Ag-Mg (»4) 


Mg 

Pm 

«M* 

0.00 



0.04 

* ^ ' 'v'- ' . 7 » Mi ^ 

3.81 


2.14 

3.21 

0.17 

2.23 


0.24 

2.52 


0.82 

3.41 


1.56 

4.65 


2.91 

6.28 


6.75 

6.85 

1.93 

7.55 

6.86 


8.89 

6.83 

1.61 

9.60 

7.05 

1.71 

10.31 

7.25 


11.31 

7.28 


13.14 

7.67 

1.65 

17.11 

6.77 

1.99 

17.87 

6.88 

2.34 

18.65 

4.87 

3.10 

19.82 

6.73 

2.70 

20.26 

5.82 


21.6 

6.27 

2.31 

23.03 

7.82 


23.1 

7.74 

2.05 

28.00 

11.74 

1.79 

32.21 

13.53 

2.02 

34.73 

17.99 

1.78 

35.1 

15.01 

1.81 

38.28 

16.93 

2.46 

39.57 

tt 53 

2.90 

39.68 

16.23 

3.09 

43.67 

22.05 

1.59 

44.39 

19.7 

2.32 

62.67 

14.31 

2.10 

72.31 

11.25 


79.34 

9.91 


83.88 

9.42 


89.29 

8.54 


89.46 

8.19 

2.56 

91.75 

7.17 


93.45 

7.27 


96.2 

6.87 


98.08 

5.96 


100.0 

4.61 

3.98 

♦ 25 to 100°C. 


Ag-Pb (182, 188 

, 189) 

Pb 

pt 

t 

0.00 

1.54* 

♦o 

0.96 

* 2.294 

23.4 

14.5 

3.225 

23.8 

32.4 

9.85f 

13.9 

49.0 

13.17J 

16.5 

65.8 

14.41 

15.6 

78.3 

17.15 

26.1 

8 .4 

18.14 

26.6 

95.1 

19.115 

24.3 

97.9 

19.47 

25.3 

* Aneumed 

as basis. 


T/*-7.04; ao - 2.0: 

00 - 1.38 



“ *1.43; a 0 - 1.96 

; 0o - 0.75 



(l " X6,M; ao " 3 62; “ 616 
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Al-Cu. — ( Continued ) 



Al-Cu-Fe-Sl 

15°C; (t A = 435°C) (1/100%) (203, 295 , 297 ) 


Cu 

Fe 

Si 

Pa 

PO 

A 100 * 

2 

15 

16 

2.75| 



11 

37 

31 

2.83 

2.92 

3.18 

16 

25 

38 


2.88 

3.24 

158 

25 

38 

3.30 

3.34 

2.83 

186 

31 

40 

3.18 

3.25 

3.03 

261 

40 

40 

3.26 

3.34 

2.96 

9 

116 

35 

2.96 

2.97 

3.57 


• Unannealed. t* — 20°C (*«•). 


Al-Cu-Mg-Fe -Si, Duralumin wire 
t A . 400°C, 0.41% Fe, 0.22% Si, 2.58% Cu, 1.26% Mg, PA = 3.35 

(19S) 


Al-Cu-Ni-Fe-Si 

< - 12 to 14°C, tA - 450°C, Fe = 0.14 to 0.17%; Si = 0.12 to 



Al-Fe 


Fe (**) 

Po 

A 

100 

A 

Tp 

A 

Tp 

0 

2.44 


4.25 


12.8 

6.49 

6.76 

3.51 

2.96 

24.3 

13.3 

. 14 2 

3.19 

2.26 

33.6 

43.3 

44.8 

2.56 

1.53 

40.5* 

140.8 

166.6 

1.68 


49.9 


833 


0.10 


• A1,F«. 


Al-Fe-(Cu, Mn, Si); v. Al-Mn-Fe-Si-Cu 


Al-Fe-Ni-Si-Cu; r. Al-Ni-Fe-Si-(Cu) 


Al-Fe-Si (211, 214) 

Impure Al; 0°C; (1/100%); 

tr. of C 

Al-Fe -Si . — ( Coni ’d) 

Fe Si | p A 

83 16 3.02 

130 32 3.23 

Fe Si 

Po 

«o* 

7 

12 

25 

6 

tr. 

12 

2.72 

2.75 

2.80 

4.2 

4.0 

4.6 

Wire and laminae 

Fe 

Si p A A* 

24 

42 

53 

91 

25 

51 

68 

89 

2.84 
2.91 
2.93 
2.99 | 

0.04 

0.11 

0.20 

0.28 

*0o - 4; 0° < t < 370°. 

Commercial Al, / A — 450°C, 

(1/100%) (HO) 

Casting 

Fe Si PA 

• a - po - pa- 

(1/100%) (297) 

18 23 2.93 

49 47 3.08 

Fe 

Si Pis 

A 100 

31 

14 2.76 

3.93 


Al-Fe-Si-Cu ; v. Al-Cu-Fe-Si 


Al-Mg 





































RESISTIVITY OF ALLOYS: Al-Cu TO Al^Zn 


163 


Al-Mg. — ( Continued ) 

Car-t rod A 3 os for 15 hr, in vacuum (* 92 ) 


Mg 1 

<*o 

Mg 

CIO 

31 00 

0.14,1 

1 43.30 

| 

0 . 0846 

04 43 

0.1353 

! 44.24 

0 . 3690 ' 

34. 4S 

0.1648 | 

i 44.4* 

I 

0 . 4243 

35 . 92 

0 . 2984 

i 47.12 

0 . 5755 

39 . 64 

0 2800 | 

! 50.25 

0 . 4202 

Mg (?05) | 

p/j ! 

1 Mg (205) 

P20 

JO 

8.28 

| 90 

19.18 

12.5 

7.61 

1 100 

47.5 


Al-Mn 


Al-Mn-Fe-Si-Cu 
15°C; (1/100%) (295, 297) 


♦ PA - 3.35 


Al-Ni 


Al-Ni-Cu-Fe-Si; v. Al-Ni-Fe-Si-(Cu) 


Al-If l-Fe-Si-(Cu) ; v. also Al-Cu-Ni-Fe-Si 


Al-Ni-Zn-Fe-Si-Cu 

15°C; ( 1 / 100 %) ( 250 , 295 ) 


Ni 

, Zn 

Fc 

Si i 

I 

Cu 

PA * 

Atool 

83 

90 

5> 

35 | 

1 6 

1 3 ' 

I 3.20 


73 

59 

31 

19 

3.33 

3.18 

113 

194 

40 

43 

21 

3.24 

3 19 

201 

177 

29 

35 

11 

3 26 

2.38 

231 

38 

56 


24 

3 48t 

3 00 


* PO - PA - 


0 to 0.15. t Not annealed. 

Al-Si-Fe-Cu; v. Al-Cu-Fe-Si 


Al-Mg-Ni (2°5), with H% Mg and 2% Ni, p 20 » 7.72 


Al-Sn* 


Mn (38) 

P 0 

A 

100 

A 

Tp 

A 

Tp 

0 

2.49 j 

2.60 

4.25 

4.10 

6.3 

14.27 

14.6 


0.24 

12.6 

20.1 

20.7 

0.34 

0.41 

21.4 

35.7 

34.6 

0.42 

0.70 

32.8 ! 

84.0 

96.6 

0.66 

0.82 

40.4 

500 

294 

1.10 

1.22 

46.9 

2000 

711 

-0 63 

0.42 


Mn 

Fe 

1 Si 

Cu 

PO 

Aioo 

5 

54 

32 

2 

3.09 

3.11 

35 ! 

35 

31 

3 

3.30 

2.91 

178 

56 

44 

9 1 

3.49* 

2.45 . 


Sn (38 ) 

| Po 

A 

100 

A 

Tp 

A 

Tp 

0.0 

2.49 

2.60 

4.25 

4.10 

12.5 

3.66 

3.65 

2.87 

2.79 

23.25 

' 4 05 

3.85 

2.69 

2 56 

40.1 

5.44 

4.63 

2.55 

2.75 

52.7 

6.99 

4.95 

2.46 

2.99 

64.5 

8.85 

5.78 

2.78 

2.76 

72.9 

8.27 

6.67 

2.75 

3.18 

74.0 

8.85 

6.58 

2.84 

3.03 

79.8 

9.43 

7.46 

2.90 

2.93 

81.5 

9.61 

7.64 

2.78 

2.80 

86.2 

10.19 

8.27 

3.08 

3.24 

91.6 

10 62 

9.17 

2.97 

3.13 

96.25 

10.75 

10.20 

2.93 

3. OS 

98.2 

12.12 

11.65 

3.15 

3.50 

100.0 

11.43 

13.00 

3.17 

3.40 


♦ Impurities in Sn < 0.2 % 


Al-Zn 


Ni ( 3 «) 

Po 

A 

100 

A 

Tp 

A 

Tp 

0 

2.49 

2.60 

4.25 

4.10 

11.4 

4.14 

4.0 

2.54 

2.63 

22.4 

7.81 

7.04 

1.56 

2.20 

30.2 

9.9 

9.18 

1.55 

1.74 

42.4 

28.8 

15.15 

2.53 

1.45 

44.6 

34.8 

23.5 

1.12 

0.98 

83.5 

62.9 

80.6 

1.06 

0.62 

86.5 

59.5 

64.5 

0.88 

0.49 

88.5 

75.8 

72.5 

0.67 

0.29 

92.8 

61.4 

67.1 

0.53 

0.19 

96.6 

24.9 

31.25 

1.05 

0.85 

98.4 

17.7 

17.8 

2.07 

1.53 

100.0 

11.96 

13.14 

5.22 

4.98 


Zn* (38) 

Po 

A 

100 

1 A 

Tp 

1 A 

Tp 

0.0 

2.49 

2.60 

4.25 

4.10 

11.3 

3.90 

3.88 

2.23 

1.66 

21.7 

4.97 | 

5.38 

1.94 

1.20 

38.7 

5.71 

6.49 

1.72 

1.10 

51.9 

5.81 

6.62 

1.63 

1.21 

63.1 

5.95 

6.80 

1.48 

1.12 

72.2 

5.95 

6.90 

1.68 

1.19 

79.9 

5.92 

6.94 

1.59 

1.13 

85.3 

5.95 

7.04 

1.73 

1.29 

90.55 

6.06 

0.90 

1.65 

1.37 

95.5 

6.02 

6.94 

1.86 

1.22 

98.1 

5.95 

7.00 

2.45 

1.56 

100 0 

5.41 

8 93 

4 38 

2.05 


* A1 contains 0.1 Fe + 0.2 Si. 




Al-Zn-Ni-Fe-Si-Cu; v. AM¥i-Zn-Fe-Si-Cu 
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Al-Zn-Si-Fe-Cu 

15°C; (1/100%) (295, 297) 


Zn 

Si 

Fe 

Cu 

PO 

A ioo 

62 

38 

22 

17 

2.86 

3.57 

120 

43 

28 

30 

2.94 

3.20 

204 

43 

39 

9 

3.07 

3.25 

69 

37 

28 

69 

3.06 

3.06 

120 

39 

31 

63 

3.12 

3.16 


Au-Ag; v. Ag-Au 


Au-Ag-Cu, 20°C (75) 


Ag 1 

Cu 

PA 

Ah 

a * 

4.72 

95 . 28 

2.37st 


3. 12 f 

6.27 

59.25 

8.80 

3.4 

0.763 

9.64 

5.83 

10.84 

1.5 

0.764 

15.64 

1.89 

9.81 

1.2 

0.851 

3.96 

21.60 

13 96 

0.2 

0.516 

11.52 

16.29 

13.65 

0.7 

0.550 

25 . 34 

6.58 

12.50 

1.4 

0.644 

32 . 29 

2.11 

11.40 

2.6 

0.693 

4.53 

29.25 

13.60 

2.2 

0.553 

23.34 

18.15 

12.61 

4.8 

0.620 

36.52 

2.46 

11.21 

0.1 

0.653 

0.00 

49.16 

11.37 

3.5 

0 632 

5.43 

44.85 

11.40 

2.8 

0.624 

15.61 

36.8 

11.06 

5.8 

0.631 

29.3 

26.0 

10.46 

5.4 

0.678 

52.3 

7.74 

9.61 

4.5 

0.749 

58.95 

2.48 

9.02 

3.2 

0.779 


• Annealed; Wk, decreases a by 1 % to 6 %. t Cold worked. 


A g(196) 

Cu 

a 0 

00 

14 3 

78.3 | 

1.833 

+0.6746 

15.2 

26 6 


-0.5946 

18.06 

15.44 

| 0 . 5295 

+0 1869 


18 Karat Gold (*o»); Au, 75; Ag, 10-20; Cu, 6-10; Po - 8.53; 

Aioo = 1.08 


Au-Bi; v. Bi-Au 


Au-Cd (240) 


Cd 

P25 

a I5 * 

o 1 

Tp 

O 

Tp 

0 

2.34 

2.296 

4.27 

4.45 

5.05 

4.12 

4.04 

2.41 

2.62 

14.44 

6.675 

6.81 

2.58 ; 

2.44 

30.36 

13 14 

12.36 

1.50 

1.35 

35.44 

16.6 

15.4 

1.19 

1.31 

40.77 

11.31 

10.08 

1.72 

2.16 

43.23 

10.65 

10.03 

1.88 

2.34 

44.05 

9.745 

10.23 

1.92 ; 

2.34 

46.34 

8.365 

9.2 

2.43 

2.67 

48.4 

7.726 

7.71 

6.07 

6.24 

49.76 

7.5 ' 

7.39 

6.55 

6.36 

50.27 

7.32 

7.47 

5.44 

. 6.67 

51.36 

8.825 

8.72 

2.35 

3.06 

55.89 

16.6 

14.31 

1.74 

1.89 

60.32 

17.6 

17.7 

1.93 

1.93 

70.21 

14.6 

14.73 

2.18 

2.46 

72.93 

14.09 

14.51 

2.05 

2.73 

74.07 

14.0 

13.9 

3.15 

3.50 

74.89 

13.3 

13.27 

4.05 

4.17 

75.87 

13.495 

15.03 

2.56 

2.71 

78.56 

12.5 

33.4 

2.01 

1.64 


Au-Cd. — ( Continued ) 


Cd 

PtS 

| <*ts* 

0 

Tp 

0 

Tp 

81.89 

12.01 

28.15 

2.77 

2.35 

84.93 

11.42 

26.45 

2.55 

2.35 

88.01 

10.27 

18.65 

2.94 

2.97 

89.87 

9.375 

16.34 

3.02 


91.03 

9.645 

15.17 

3.38 


92.17 

9.65 

14.3 

3.13 


92.95 

9.57 

12.92 

2.76 

2.84 

94.05 

9.29 

10.9 

3.17 

3.11 

94.95 

9.5 

9.49 

3.31 

3.31 ! 

98.1 

9.36 

9.295 

3.38 

3.39 

99.05 

9.16 

8.95 

3.74 

3.64 

100 

7.4 

7.26 

4.42 

4.32 


• 25 to 100°C. 


Cd 

P no 

<*100* 

Cd 

Pi 10 

<*100* 

0 

3.56 

5.77 

51.36 

11.63 

3.98 

5 05 

5.12 

2.47 

55.89 

16 54 


30 36 

15.22 

mwm 

60.32 

20.67 


40.77 

14.23 


100.0 

11.55 


48 4 

12.14 

3.45 





• 100 to 600°C. 


Au-Cu 



PI4 

ao* 

Ul ( 1 ° * ) 

A 

Tp 

Tp 

1 A 

0 

1.7 

1.700 

4.94 

4.94 

5 

4.797 

4.931 

1.43 

1.44 

10 

4.246 

7.404 

0.94 

0.93 

16 

9.117 

9.117 

0.80 

0.77 

20 

10.803 

11.69 

0.61 

0.78 

22.6 


12.632 

0.55 


25 

5.729 

12.396 

0.59 

0.97 

27 


13.686 

0.52 


31.09 

9.98 8 

13.692 

6 . 57 

1.08 

35 

4.814 

15.803 

0.45 

0.55 

40 

11.427 

16.026 

0.48 

0.83 

45 

9./82 

16.551 

0.51 

1.10 

47 


16.107 

0.43 


49.16 


16.292 

0.49 


50 

6.636 

15.142 

0.53 

1.98 

55 

10.611 

17.045 

0.42 

wmm 

60 

11.342 

15.870 

0.49 


65 

14.968 

15.727 

0.53 


70 

15.04 

14.171 

0.73 


74.37 


12.728 

0.78 


75 

13.233 

12.792 

0.76 


85 

11.095 

11.136 

0.89 

mrrm 

90 

7.738 

7.916 

0.96 

1.14 

95 

6.858 



1.36 

100 

3.144 

3.144 

2.93 

2.93 


* If 25° ^ t ^ 100°. 
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Bi-Sn. — ( CoTilinued ) 


Sn (285) 

= 19.67 i 

31 

08 

, 39 65 . 

t 

R, 1 

l | 

Rt 

t | 

Rt 

0 I 

132.8 

0 1 

85.0 

0 1 

68.7 

a 0 = 

2.73 

a 0 = 

3.07 

a 0 = 

2.59 

D = 36.2 

D - 

26.1 

D - 

• 17.8 

133.0 

181.0 

132.1 

119.5 

69 1 ! 

81.0 

137 3 

184.2 

139.9 

120.9 

97.0 

88.0 

141.6 

180.9 

143 1 

119 4 

107.5 

90.6 

146.3 

177.5 

149 4 

115.2 

120.5 

92.7 

156.0 

170 9 

156.2 

109.7 

128.1 

93 6 

166.3 

159.8 

161 4 

102.1 

136.2 

94.3 

173.2 

149.9 

165.3 

98.5 

138.6 

94.5 

187.4 

136.0 

185.2 

98.9 

142.1 

93.1 

196.4 

123 1 

204.4 

99.2 

143.6 

91.6 

202.1 

108.5 

D - 

3.9 

147.3 

90.8 

214.7 

111 1 

'253.8 

101.1 

155.5 

88.3 

D « 

3.3 

30.6 

92.0* 

D * 

4 3 

260.0 

112.6 

65.9 

99.6 

252.8 

92.5 

34.6 

1 . 443* 





60.0 

1.519* 





90.4 

1.646 


l 




Sn (*»*) 

-45.5 | 

50.05 ; 

61 

09 

t 

R, I 

l 

Rt 

t 1 

Rt 

o 1 

54.4 


47.7 

0. 

,30.4 

ao “ 

3 07 

a 0 - 

3.3 

a o = 

4.64 

D « 16.7 

D - 

15.8 

D * 

14.0 

137.9 

77.4 

129.5 

68.1 

* 137.7 

49.7 

139.8 

77.9 

135.6 

70.8 

141.6 

50.9 

145.3 

82.0 

141.6 

74.4 

147 1 

53.0 

149.4 

82.4 

148.6 

78.7 

156.2 

57.1 

D - 

4.5 

153.2 

79.3 

164.3 

63.2 

251.8 

87.0 

D ~ 

4.5 

172 4 

70.5 

45.6 

61 3* 

244.6 

83.4 

178.2 

71.3 

73.9 

65 4* 

58.7 

56.3* 

D = 

3.5JL 

81.6 

66 9* 

81.9 

59.9* 

252.3 

73 9 

93.7 

69.0* 



85.9 

34 6* 

100.9 

70.8* 



50.2 

36.0* 





59.4 

37.0* 





74.4 

39.1* 





91.0 

42.2* 


Sn (2«5) , 

- 75.30 

87. 

46 

90 

53 

t 1 

R, 

t 

Rt 

t 

Ri 

0 

26.0 

0 1 

18.3 


\ 16.2 

a 0 - 3.22 

ao “ 

3.93 

ao * 

3.70 

D - 8.39 

D - 

7.19 

D - 

5.98 

133.6 

37.2 

176.7 

31.0 

158.7 

25.7 

135.4 

37.2 

184.7 

32.6 

167.0 

25.8 

137.9 

36.5 

199.0 

38.3 

186.2 

28.4 

141.8 

37.0 

206.9 

47.8 

198.2 

31.0 

144.6 

37.4 

210 0 

54.6 

211.5 

40.0 

151.2 

38 4 

212.1 

57 2 

217.4 

52.9 

157.7 

39.6 

217.1 

57.2 

224.7 

55 3 

179.2 

46.9 

D = 

3.9 

239.3 

55.4 

194.2 

60.4 

253.0 1 

58.6 

251.4 

56.0 

194.7 

62 6 

230.7 

57.4* 



200.3 

63.8 





D - 

2.57 





254.8 

65.2 





59.5 

30.7* 





75.1 

31 9* 






* Falla below the line defined by D and ita preceding R t . 


( Continued ) 

0771 I 2.15 
223.3 

following 

averages for two specimens of each composition (* 5 ): 


Sn (*4t) 

0 

0.34 


p 

120.5 

168.1 

1 


7.43 
204.0 


Sn 

0 

1 

2 * 


6.36 

Pio 


320.8 

320.0 


227.7 

P«s 


326.7 

327.6 

316.6 

235.2 

P so 


332.2 

335.3 

323.6 

242.0 

PM 

130.0 

336.2 

340.0 

330.0 

250.0 

P 80 

136.8 

337.8 

344.8 

336.0 

258.0 

PlOO 

144.8 

340.6 

349.1 

340.2 

267.2 


Sn 7.69%, Pn - 296.6; for Ag, P0 - 1.54 (»») 
BI-Te ("»); Te, 47.8%, P<8 - 2000; Bi,Te, 

Bi-Tl (104) 


T1 


ao 


0o 



Ct-Al; v. AJ-Ca 
Cd-Au; v. Au-Cd 
CdCla-Cd; v. Table 3 
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Cd-Mg. — ( Continued ) 


Mg r 

pti 

Pb o 1 

P75 

Pi 00 

12.6 

18.08 

18.832 

19.88 

20.84 

15.0 

11.97 

12.658 

13.47 

14.24 

16.35 

9.48 

10.183 


11.89 

17.8 

7.692 

8.446 

9.225 

10.13 

19.25 

9.22 

9.891 

10.73 

11.56 

20.9 

10.87 

11.494 

12.20 

13.00 

24.5 

13.56 

14.347 

15.083 

15.97 

28.6 

13.87 

15.00 

16.34 

17.67 

33.5 

12.00 

13.28 

14.184 

% 

15 34 

36.3 

10.101 

10 . 858 

11.82 

13.02 

39.4 

8.85 

9.871 

11.364 

13.16 

42.6 

8.62 

9.578 

10.964 

12.82 

46.4 

14.70 

15.00 

15.29 

15.63 

55.1 

13.44 

13.774 

14.184 

14 49 

66.0 

10.101 

10 . 493 

10.99 

10 33 

80.4 

7.194 

7.507 

7.855 

8.21 

100.0 

4.608 

4.985 

5.414 

5.959 


Mg 

Puo 

1 Psoo 

PiSb 

P300 

0.0 

11.9 

14.2 

16.2 

17.0 

3.7 

17.9 

19.9 

21.8 

23.5 

5.2 

21.7 

23.3 

25.0 

27.0 

8.5* 

44.25 

45.45 

46.1 

46.95 

12.6 

25.0 

31.25 

35.0 

35.7 

15.0 

16.4 

18.7 

25.6 

26.8 

17. 8f 

11.8 

14.0 

23.3 

24.0 

20. 9 X 

14.9 

17.0 

25 

25.8 

24.6 

18.1 

21.4 

27.1 

27.7 

28.6 

20.8 

25.0 

25.6 

26.3 

36.3 

16.67 

20.84 

21.45 

22.26 

42.6 

17.24 

18.8 

19.3 

19.95 

46.4 

16.39 

17.51 

18.18 

18.9 

65.1 

15.23 

15.92 

16.42 

16 92 

100.0 

7.64 

9.8 

11.86 

1 13.27 


- 42, 

t#lM - 12 

- 23.76. 

X - 16 


,4 » #1M ■ 13,3; pno 
4 « pm ■ 16.4; pm 


14.7; put 15.65; pm ™ 17.2; ptto — 18.2 
20-0; put — 24.9. 




Cd-Sn (> 82 , 188 » 189 ) 

For Ag, po = 1.54 


Cd-Zn ( 182 » ,88 » ,89 ) 

For Ag, po ■* 1.54 


Sn 


pt 


t 


14.7 
20.6 
34.2 
50.9 
66 6 
80.6 
86.1 


20 5 
20 3 
19.6 
20.9 
20 2 
22 . 3 
22.1 


7.54 
7.85* 

8 . 39 

9.54 
10.66 
1 1 . 63 f 

12.10 

>P0 = 6.96; «0 = 3 S.»; do - 5.42 (> 89 ). t po » 10.62; ao -4.07; do - 4.73 
( ih 9; X ao - 3.785; do =» 6.33. 

Co, commercial; v. Co-Fe 


Zn 

8.9 

12.7 

22.3 

36.8 
53.5 

70.3 
77.75 


pt 


t 


6.85 
6.74 
6 . 57 1 
6.45 
6.39 
6 12 
5 . 96 


19.4 

20 3 

21 3 

22.3 
22.2 

20.3 
20.0 


Cu-x (i);0 < x < 1% 


Co-Cu (227)j AiooJ 

r = rod 

w = wire, 

Cu 

P20 | 

a 

0 2w 

9.73 

3.26 

9 . 6r 

24.30 

1.67 

19. 5r 

16.59 

1.66 

29. 7r 

14.79 

1.50 

40. 6r 

12.92 

1.43 

53. 4r 

11.34 

1 32 

65. 6w 

12.10 

0.936 

76 . 4w 

11.43 

0.817 

86 . 8w 

10.72 

0.776 

93. 3w 

10.02 

0 801 

96. 9w 

8.63 

0 . 820 

95. 9w 

9.45 

0.771 

96. 9w 

9 45 : 

0.768 

98 . lw 

8.80 

0.859 

98. 5w 

6.76 

1.084 

100 Ow 

1.672 

4.45 

Co-Fe ( 142 ); v. also Fe-Co-x 

‘'Pure cobalt 15.5°C; 0.017S; 

t K = 800* 

Fe 

PO 

PA 

0.20 

870 

1 

22.5°C; 0.012S, 0.084Si, 
0.0066P 

0.19 

898 

915 

“Commercial cobalt” 

21.3°C; 0.023S, 0.09C, tr. Si, 

tr. Ca 

0.60 

2308 


19.6°C; 0.012S, 0.039C, 0.14Si, 

0.010P 

1.15 

| 1049 

904 

* For variation of p with <a. •• ( l4a )- 

Co-Fe-Ni (>«); 21.96°; 0.018S 

Fe 

Ni 

| PO 

4.49 

2.73 

1444 


Co-Ni («7) 


Ni 

Pl 7 to 1» 

Ni 

Pl 7 to 18 

0 

6.41 

60 

10.11 

5 

6.80 

70 

11.16 

10 

7.15 

80 

11.86 

20 

7.54 

85 

11.90 

30 

8.37 

90 

11.33 

40 

9.24 

95 

10.46 

50 

9.72 

100 

7.72 


X 

k 1 

rm 

k 

Ag 

6 

P* 

3000 

Al* 

500 

Pb 

3 

As* 

720 

S 

8 

Au 

10 

Sb* 

190 

Bi 

4 

Si* 

70 

Cd 

9 

Sn 

67 

Fe 

140 

Te 

4 

O 

25 

Zn 

30 


* For these elements the conduc- 
tivity concentration curve ia markedly 
curved from the outset, and the value* 
of k have been obtained from a tan- 
gent to the curve at zero concentra- 
tion. These values can therefore only 
be used for concentrations of a small 
fraction of 1 %. 

Cu-Ag; cf. Ag-Cu 


ForAg, p 0 = 1.54 

1.70% Ag 

Dd wire ( 186 ) 

( 2 

4 ) 

Ag 

Po 

t 

Pt 

1.21 

1.77 

1100 1 

| 21.45 



D = 

0.343 

2.39 

1.94 

1400 

| 22.48 

Cu-Ag-Au; v. 

Au-Ag 

-Cu 

Cu-Al; 3% Al («*); cf. 

Al-Cu 

t* 

pt 

t * ! 

pt 

-197.1 

7.328 

-f-0.85 

8.660 

-106.1 

8.044 

16.35 

8.990 

- 81.9 

8.210 

92.25 

9.575 

0.0 

8.847 

«16 = 

0.897 


* Pt acale of t. 

Cu-Al-Ni; cf. Al-Cu-Ni-Fe-Si 


Al (225) 

Ni 

PA* 

5.21 

7.31 

18. 45f 

5.32 

4.84 

15 . 47f 

4.94 

2.38 

12.56 

5.10 

0.94 

10.88 

5.02 

0.0 

9.85 

9.88 

2.46 

14.40 

9.82 

1.04 

11.74 

10.06 

0.0 

10.27 


*<A - “red" heat, 
t p ia same for <a “ OOO^. 

Aluminium bronze; cf. Al-Cu 
6.5% Al, 6.5% Ni («3, 76, 212) 


f 

pt 

r 1 

Pt 

-197.1 

13.048 

-f-0.9 

14.921 

-106.1 

13.939 

16.35 

15.066 

- 81.9 

14.132 

91.45 

15.785 

0.0 

14.912 

an « 

0.645 


• Pt scale of t. 
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Cu-AI-P (**«) 

Ai i p r 

4.88 0.20 

4.04 0.09 

4.97 0.06 

6.02 0.0 

9.96 0.11 

10.05 0.05 

10.06 0.0 


Pll.6 

11.67 

11.02 

10.36 

9.85 

10.75 

10.53 

10.27 


Aa 

0.25 
0.5 
0.75 
1.0 * 

1.5 

3.0 

4.0 

5.0 

6.0 
10.0 

15.0 

20.0 
26.0 

28.5 

31.2 

32.3 
33.1 
34.9 

36.5 
37.8 

39.4 
42.0 


Cu-As (221) 

Po 1 

3.04 | 
3.79 
5.22 
6. 31 
8.58 

17.3 

22.5 
26.2 

34.8 

38.5 

47.4 
54.3 

56.5 

59.0 

58.2 

50.3 

66.6 

57.1 

54.8 

63.2 
50.7 

49.3 


For Cu, pis = 
As ~\ 

Rod (228) 


Aioo 

2.31 

2.02 

1.49 

1.26 

0.943 

0.476 

0.376 

0.275 

0.261 

0.449 

0.940 

1.69 
2.39 
2.74 
2.66 
2.68 
2.65 

2.69 
2.74 
2.71 
2.99 

2.70 

1.78 

Pis 


1.04 
1.80 
2.66 
2.8 
3.0 
5.02 

5.4 


4.92 

7.18 

9.84 

12.6 

11.35 

27.0 

26.85 


Sheet («*) 


1.99 

4.68 

4.83 

17.8 


For Ag, po - 1.54; Dd wire 
(!•«, l*«, I**) 



tr. 

2.52 

2.64 

6.52 

2.80 

12.51 

0.74 

0.10 

5.40 

24.1 

0.37 

0.04 


As 

0.05 

0.06 

0.22 

0.4 

0.43 

0.49 


Cu-As-0 (* 7 ) 

“o I TT" 


0.26 

2.169 

0.3 

2.485 

0.16 

3.178 

• 0.17 

3.843 

0.42 

4.251 

0.1 

4.690 


t_ 

17 

18 
18 
18 

17 

18 


Cu-Au; v. Au-Cu 
Cu -Au-Ag; v. Au-Ag-Cu 

Cu-Cd; v. Cd-Cu 

Cu-Co; v. Co-Cu 

Cu-Cr; cf. Cu-Ni-Cr 


Cr (I**) 

PA 

PDd 

0 

1.697 

1.738 

0.498 

1.788 

3.635 

0.99 

1.832 

3.160 

4.76 

1.986 

3.701 

6.51 

2.404 

3.902 

9.1 

2.209 

3.940 

13.04 

2.324 

4.268 

14 74 

2.52 

4.296 


Cr (249) 

4.2 

9 

13 

16.7 


Pt 1 
2.084 
2.209 
2.723 
3 372 


Cu-Fe; cf. 
Aiooo in N 

Fe p 

"0 1~93 
0.5 3.16 
0.8 3 36 

1 3.36 
1.5 351 

2 3.60 
4 3.66 
6 3.75 
8 3.87 

10 3 99 
15 4.08 
20 4.47 
30 4.99 
40 6.77 


18 55 
18.7 
22.1 
18.75 

Fe-Cu 

(* 36 ) 

Fe 

50 

60 

70 

80 

90 

92 

94 

96 

97 

98.5 
99 

99.5 
100 


«20 

F76 

3 74 

3.44 

2.44 


p 

6.37 

7.28 

8.63 

10.10 

11.36 

11.84 

12.27 

13.01 

14.00 

14.00 

16.04 

13.70 

11.84 


Dd wire ( ,86 ) 

Fe po | Fe p 0 

0.48 | 4.46 j| 1.05 | 5.72 

Dd, 0.4Fe v (i«*, i*») 

Po | Qq | flo 

3.86 I 1.55 1 0.33~ 

Cu-Mg (2**) 

Mg | pu ' Aioo 
0.56 2.115 3.54 

0.65 3.25 2.27 

0.77 3.339 2.10 

1.53 4.185 1.83 

2.97 4.784 1.21 

3.28 5.061 1.22 

6.75 6.214 1.57 

8.76 5.641 2.26 

10.06 5.952 2.25 

11.65 5.411 2.50 

14.53 5.803 ?.67 

15.38 5.746 2.51 

15.47 5.717 2.50 

16.05 5.538' 2.90 

10.28 5.16 3.14 


Cu 

Mg 

16.46 

17.71 

22.66 

23.7 

26.7 
27.55 
31.9 

34.4 
36.35 

36.8 
38.15 

41.11 

41.12 
43.3 

44.5 

45.0 

48.0 

52.9 

53.05 
60.2 
68.8 

77.5 
87.8 


-Mg. — {Cord'd) 


p»> 

5.145 
5.509 
6 069 
6.371 

6.146 
6.83 
7.134 
7.155 
8.111 
7.937 
9.272 
8.265 

10.31 
11.94 
8.529 
7.08 
6.598 
6.258 
6.072 
6.020 
5.786 
5.171 
4 923 


Aioo 

3.16 

3.07 

2.75 
3.28 
2.91 
2.81 
3.16 
3.23 
3.48 
3.62 
3.52 

3.79 

3.65 
3 63 
3.39 
3.62 

3.66 
3.73 
3.64 
3.50 

3.76 
3.64 


Cu-Mn 

[Cu contained: 0.1530, 0.012 
Zn, 0.005Fe, 0.003As, 0.003 
(Ni + Co), 0.001(Sb 4- Sn), tr. 
(Bi + Mn)[; f A - 700°C H 98 ). 

Mn pa I po 


0.04 
0 07 
0.12 
0.29 
0.40 
0.61 
0.98 
1.34 
1.49 

MnQ3*)| 

0 

4.5 

7.3 
12.0 

40 1 

60 1 

Mn ( 2 * 0 ) 

T2 

7.4 

Mn (i®«) 

0.4 

10 

16 

i n 


1.71 

1.746 

1.964 

2.576 

2.618 

3.165 

4.625 

5.92 

6 41 

p 

1.697 

17.9 

19.7 

36.7 
133 
164 


po 

1.75 
1.79 
2.01 
2 62 
2.72 
3.25 
4.83 
6.09 
6 66 

a 

4.28 

0.17 

0.32 


P 10 

ato 

17.9 

0.17 

19.7 

0.25 


20 


aa to 10 

0.97 

0.09 

0.14 

22.5° I 25 


(10*/p 0 )(dpo/d<) 


12 

9.09 

6.71 

4 31 

13 

8.92 

3.48 

0.84 

14 . 

4.47 

1.68 

1.12 

15 

3.93 

1.04 

1.85 


Cu-Mn. — (Confd) 
«, 20 to 100°C (Ui) 

Mn | pio | o 

15 50 I 0 


15 

Mn (I* 7 ) 
13 


«io 

0.02 


Pn.i 

45 


0.00348 


Cu-Mn-Al («) 
(Therlo) t = 20 to 100°C 

Mn j Al | pio a» 

~13 1 46.5 I 0.01 


Cu-Mn-Fe (H7) 

Mn | Fe pii.i 

10.17 

0.286 

32.57 

12.09 

0.329 

42.78 

14.76 

0.327 

53.46 

18.55 

0.401 

04.54 


Resistin ( l6 °) 


13.5 

1 1-9 | 

50.2 


Cu-Mn-Fe-Si 

Mn | Fe | Si 1 p I a 

12.3 0.540.26 4379 

24.95 0.34 0 81.2 0.05 

30.0 1.320. Il|l07.3 0 04 

Cu-Mn-Ni-(Fe) 

Manganin; v. also Cu-Ni-Mi 
and Cu-Ni-Fe-Mo 
12% Mn, 4% Ni _ 


(63) 


91.6 
16.25 
+ 0.9 

- 81.9 
-106.1 
-197.1 
-217 

4- 17.7 
-164.0 
-163.0 
-154.5 
-145.3 
-133.6 
-119.2 

- 98.5 

- 66.8 

- 50.2 

- 43.6 

- 14.0 
4- 13.8 


(>**) 


(144) 


47 . 528 
47.640 
47.636 
47.387 
47.225 
45.820 
45.275 

44.0 

43.0 

43.0 

43.1 

43.2 

43.4 
43.9 

44.2 

44.4 
44.5’ 
44 5 

44 5 

42.0 _ 


12% Mn, 3% Ni; 0 to l 0 ” 0 
o-jn " 

Mn (»)| N» _ L 

—zz— TTTiTTF?®? 


_n A3 
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Cu-Mn-Ri-(Fe).— (Cord'd) 


234) 

Ni j 

Fe 

Pro 

a 

8.84 

1.78 

0.93 

55.6! 

0.0033 

9.93 

1.74 

0.24 

34.2 

0 . 012 

10.26 

1.77 

0.52 

37. ^ 

0.015 

12.03 

3.41 

1.04 

47.8 

0.0022 

12.83 

2.08 

0.731 

50.8, 

0.0038 

12.93 

2.60 

0.82 

51.1 

0.0057 

13.5 

2.5 

0 1 

37.4 

0.016 


Other data by (*» «*» 141, 

144, 201 Manganin, compo- 
sition not stated. 


Pu 

a( 2 ) 

Wire 

42.9 

—0.024* 

41.0 to 43.2 

-O.OlOf 

Sheet 

46.0 

-0.014* 

44.8 

— 0.008 f 

• Range 15 to 07°C. 

t Roichaanetalt; 

rante 17 to 53°C 

lor wire, 18 to 60° for aboet. 

t (260) 

a 

12.6 

+0.006 

25 

0 

50 

-0 020 

75 

-0.035 

100 

-0.042 

125 

-0.047 

150 

-0.050 

1/5 

-0.050 

200 

-0 060 

225 

-0.050 

250 

• -0.052 

275 

-0.060 

300 

-0 057 

325 

-0.040 

350 

-0.015 

375 

+0.010 

425 

0.040 

400 

0.060 

450 

0.055 


Cu-Mn-Ni-(Fe). — {Coni' (j) 


t (260) 

a 

475 

0 

500 

- 0.110 

525 

0 

550 

+0.150 

Po = 38.79; 
(201). 

A 100 = 0.015 


Effect of hydrostatic pressure 
( 31 ). Composition of the com- 
mercial manganin is not given. 


fo, [r P l = resistance for p = 0, 
[p = p]; A = 10»(r p - r 0 )/r 0 p; 
unit of p = 1 kg/cm*. 


V 

A 

V 

A 

1260 

2272 

9290 

2302 

2610 

2282 

8000 

2304 

3810 

2299 

6450 

2302 

5000 

2301 

4790 

2304 

6180 

2299 

3250 

2291 

7210 

2300 

1740 

2308 

8230 

2302 

1000 

2272 


Cu-Ri; of. Cu-Ni-Fe-Mn, and 

Table 3 

a, 20 to 100°C (««) 


Ni 

Pto j 

a to 

0 

1.67 

4 

10 

14.6 


20 


0.26* 

30 

38.5 


40 

49 


48 

49 

0.018t 

67.5 

50.3 

0.005 

68 

50 


100 

7 

(»*) 

4 

2 

3 


20 

28 


43 1 

45.0 

0.01 

46$ 

50 2 


50 

51 



■•0.110 (*•*). fCuNi. from (>*•). 
J From ( l4i ). 

| From (•*), t - 0°C. 


Cu-RL — ( Continued ) 


0 to 370°C (*I4) 


Ni 

Co 

Fe 

Po 

a 

0 

9 

0.5 

1 1 

22 

0.670 

0.23 

20 

0 

tr. 

27.26 

0.326 

0.69 

30 

0 

tr. 

32.35 

0.270 

0.37 

40* 

0 

0 

42.39 

0.167 

0.047 


• 40 % Ni — Conatantan. 


a, 40 to 70°C (244) 


Ni 

Pt 

t 1 

<* 0 

3.94 

17.3 

9.0 
26 3 

38.8 

54.9 

1.46 

0.30 

Named alloys: 

Key 

Name 



Ae 

Advance, v. also Cu-Ri- 


Fe-Mn 

Cu 

Cons tan tan, v. also Cu- 


Rl-Mn 


Named alloys. — {Cord'd) 


Key | Name 

Cl 

| Co pel 

Eureka ** Co ns tan tan 

la 

Ia-Ia 

n 

Ideal 

PN 

Patent nickel, v. also 
Cu-Ri-Fe-Zn-Mn 

Re 

Rheostatine 



Cu-Ri. — ( Continued ) 


P 

a 

Lit. 

33.5 ; 

25% Ni; PN 

0.2 

1 

47-51 1 

40% Ni; Cn, la 
| — 0.04-(+0.03) 

| (40, 60, 1 41, 1-44) 

49-49.5 

45% Ni; Ae, Cl, U 
NiL-0.01 

I («»■ 130) 


48% Ni; Ae, Cn, la, Re 

47-49 | 

0.005-0.25 

| 

Composition not given ( 66 » 14l » 201 ) 

; cf. (»<>» 2 « 0 ) 

44-50 

— 0.057-(+0. 11) 

Cn 

47-48 

0.25-0.27 

Re 


Cu-RL — {Cord'd) 
Ia-Ia ( 260 ) 


t 

a 

t 

1 a 

12.5 

0.033 

275 

0.029 

25 

0.030 

300 

0.035 

60 

0.022 

325 

0 .030 

75 

0.015 

350 

0.030 

100 

0.006 

375 

0.028 

125 

0.006 

400 

0.028 

150 

0.005 

425 

0.035 

175 

0.009 

450 

0.067 

200 

0.010 

475 

0.110 

225 

0.015 

600 

0.200 

250 

0.020 




Cu-Ri-Al; v. Cu-Al-Ri 


Cu-Ri-Co-Fe-Zn; v. 

Fe-Co-Zn 

Cu-Ri-Cr (135, 250) 


Cu-Ri- 


Ni 

Pio 

a 

4.76% Cr 


0 , 

2.1 

3.45 

23.84 

25.1 

0.35 

47.62 

55.1 

0.14 

71.4 

70.5 

0.41 

96.24 

45.7 

0.97 

9.1% Cr 


0 

2.2 

3.49 

22.7 

22.4 

0.42 

45.45 

50.7 

0.18 

68.2 

83.9 

0.16 

77.3 

86.3 

* 

90.9 

67.8 

0.37 

13.04% Cr 


0 

3.4 

2.5 

21.76 

22.1 

*0.47 

65.2 

86.4 

0.11 

73.9 

99.0 


78.2 

95.7 


86.96 

84.1 

0.20 

16.7% Cr 


0 

2.7 

2.99 

20.8 

21.3 

0.46 

41 6 

36 7 

0.31 

62.5 

86.3 

0.12 

66.7 

108.7 


70.8 

109.8 


70.8 

112.9 

'0.078 

76 

106.4 


75 

106.3 

0 079 

79.1 

98.3 



Cu-Ni-Cr. — ( Cord'd ) 


Ni 


P20 


83.3 

83.3 

64 

67 

67 

72 


16.7% Cr 

95.9 

96.9 
20% Cr 

121.8 
110 
111.6 
107 


0.12 


Ni 

(249) 

Cr 

Pt 

t 

a 

62.5 

16.7 

80.3 

18.2 

0.12 

65 1 

13.15 

86.4 

20.6 

on 

68.2 

9.1 

83.9 

18.6 

0.16 

71.4 

4.8 

70.5 

22.6 

0.4L 

82 

12 

85* 


0.3* 


• From ( 14 ®). 

Cu-Ni-Fe-z 
Excelsior ( 66 » 141) 
Cu, 53; Ni, 45; Fe; x 


P o 


ftt 17° 


II 5.79 
I 80.29 


1.42 

0.95 


Cu-Ri-Fe-Co; v. Cu-Ri 

Cu-Ri-Fe-Co-Zn 
Silverine ( 6S ) 

Ni = 17%, Fe - Co = Zn 

2 % 


f* 

pt 

-197.1 

0.909 

-106.1 

1.452 

- 81.9 

1.582 

0.0 

2.064 

+ 0.95 

2.071 

16.25 

2.166 

+ 90.9 

2.614 


«16 


2.85 


• Pfc-acale of f. 

Cu-Ri-Fe-Mn; 

Fe-Mn- 


v. also Cu-Ni- 
(Si, C) 


Ni 

(155) 

Fe 

Mn 

Po 

«o 

0.00 



1.53 

3.77 

10.04 

0.15 

tr. 

14.6 

0.49 

16.01 

0.18 

tr. 

21.6 

0.31 

20 04 

0.13 

tr. 

26.4 

0.27 

24.07 

0.58 

0.02 

31.3* 

0.21 

29 94 

0.36 

0.36 

38.4 

+0.12 


INTERNATIONAL CRITICAL TABLES 


Cu-Ni-Fe-Mn. — (Cont'd) 

( 155 j Mn po a ( 

41.2510. 37'" 


Cu-Ni-Fe-Mn-(Si, C), Monel 

metals 

67Ni, (Fe 4- Mn -f- Si) = ca. 


50 0 
52.2 

51.7 | +0.040 




46 180.32 
49 360.540.3251 7 
^ 50.84 0.38 0.65 51 .7 
56 370.34 tr. 52 5 
62,02 0.34 tr. 51.5 
89.46 1.19 1.40 19 0 
93 66 1 02 1.45 16.6 
100 00 12.3 


• 0.70 % Zn. 

Advance (*&, i 34, 260 ). ,, a /, so 



l 


20 

30 

40 

50 

60 

70 

80 

90 


44 68 

45 57 

46 53 

47 50 

48 45 
49.4 
50 3 
50 9 



51.4 
51.8 
52.2 

52.5 
52.86 
53 1 
53.32 


Ni | Fe j Mn p 3f) 


44 0 5 1.0 48.8 ca. 
44 jo 45 1.16 48 2 


t (134) 


20 


0 01 
0 02 


P JO 


3.5 

4.9* 


* FTom (••). 


«20 





100 
2 
3 


l 

(26°) 




400 

500 

600 


48 51 
49.20 
50 11 


68.10Ni, 2.4Fe, 1.5Mn, O.llSi, 

0.16C (134) 





50 

75 

100 

125 

150 

175 


+ 0.020 
+ 0.005 
-0.008 
- 0.012 
-0.007 
-0.004 
0 

+0.003 

0.007 

0.010 

0.014 

0.020 


0 . 027 
0.030 
0 030 
375 0.033 

400 +0.025 
425 -0.010 
450 +0 .020 
475 0.040 

500 0.080 

525 0 105 

550 0 105 


44 56 
51 69 
54 13 
55.91 

57.70 

59.70 


900 

1000 


61 70 
63.92 
66.16 
69.05 
72.65 


68Ni, 2.5Fe, 1.6Mn (««) 


«10 


Cu-Ni-Fe-Zn-Mn ( 73 » ?*), P atent nickel; v. also Cu-Ni 
Ni I Fe 1 Zn 1 Mn [ p | 

24.14 . 0.70 0.52 0.17 32.8 0.21 

26 1 0A2 0.23 0.13 34.2 0 19 


Cu-Ni-Mn (230) 


1 1 P»o 1 a to 

4.8% Mn 

0 17.9 0.17 

19.0 33.5 0 14 

38.1 50.4 0.089 

47.6 55*1 0.085 

57.1 54.35 0 22 

66.6 50.72 1.09 

76 2 38.8 2.39 

95.2 17 4 2.97 

7.4% Mn 

0 19.7 0.32 

18.5 40.2 0 075 

37.0 54.8 0.071 

46.4 58.1 0.088 

55.5 60.05 0.14 

54.8 55.8 - 0.53 


Cu-Ni-Mn. — (Coni' d) 
N i I OtA I n , 


74.1 

92.6 


Pi o [ ato 

7.4% Mn 
45.8 1.85 

23.3 2.49 

13.1% Mn 


26.1 

62.1 

-0 026 

34.8 

68.7 

-0.016 

43.5 

70.8 

+0.025 

52.1 

75.3 

+0 . 064 


40-55Ni, 0-1. 4Mn, 0.1C (Con 
stantan); v. also Cu-Ni 


* ( 245 ) I P/PO 


10 000 
9 982 
9 898 
9 784 


Cu-Ni-Mn. 

t (260) 

12.5 

25 

50 

75 
100 
125 
150 
175 
200 
226 
250 
275 
300 
325 
350 
375 
400 
425 
450 
475 
500 
525 
550 


( Cont'd ) 

'■ ■ 

a 

+0.008 

+0.002 

-0.014 

-0.028 

-0.033 

-0.033 

-0.030 

-0.027 

- 0.020 

- 0.020 

-0.017 

-0.015 

-0.015 

-0.013 

- 0.012 

-0.007 

0 

+0.007 

0.014 

0.017 

0.027 

0.047 

0.100 


Cu-Ni-Mn. — {Coni' 
65Ni, 5Mn (Lucero) (**); Plc 
46.6; a « 0.76 
67 Ni, 2.60Mn (112); f or t A 


Cu-Ni-Mn-Fe; 
Cu-Ni-Fe-Mn 


Cu-Ni-Ti, Wire (is*) 


Ti 


1 
2 
3 
< 3 


16 

41 

22 

48.5 

6 ?* 

73 

40 

55 

71 


* For 63 % Ni, a - 0.267. 

Cu-Ni-Zn ( 122 ); p. aUo Ni-Cu« 
Zn and Cu-Ni-Zn-(Co, Fe, Mn) 



Ni 


13 

23.24 


Zn 


20.3 

18.9 


Cu-Ni-Zn-(Co, Fe, Mn) 

German silvers; t = 15 to 17°C; t A = 797°C; 55-62% Cu (276) 


Ni 


28.6 

22.4 

16.4 

17.4 
7.62 

27.9 
19.8 
15 5 
15.75 
7.80 
26.7 
16.3 


Key 


100 

245 

293 

332 

353 

381 

405 

430 

453 

470 

500 

538 

590 

646 

696 

797 



Ke 


A 

B 

C 

D 

E 

F 

G 

H 


Variation with <* 


. C 


pa (Mn = 
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Cu-Ni-Zn-(Co, Fe, Mn). — (Continued) 


Key i 

F 

G 

H 

1 

j 

t A | 


PA 

(Mn = 0.25) ’ 


100 

38.0 

29.5 

27.2 

27.6 

18.2 

245 

38.4 

29.3 

27.7 

27.7 

18.2 

293 | 

38.5 

30.1 

27.8 

28.4 


332 1 

• 

39.0 

30.9 

29.0 

29.5 

18.1 

353 

39.0 

31.7 

29.1 

29.5 

17.7 

381 

38.9 

31.9 

29.0 

29.5 

16.6 

405 

39 0 

32.0 

28.2 

28.3 

16.5 

430 

38.3 

29.6 

28.1 

28.0 

16.7 

453 

38.5 

31.8 

28.1 

28.1 

16.7 

470 

38.8 

32.2 

27.9 

27.5 

16.7 

500 

38.7 

31.6 

27.2 

28.3 

16.9 

538 

38.6 

32.0 

27.7 

28.1 

16.6 

590 

' 39.0 

32.4 

27.9 

28.6 

16.8 

646 

38.8 


27.8 

28.0 

16.6 

696 

38.7 

31.5 

27.7 ! 

28.0 

16.6 

797 

39.1 

31.5 

i 28.0 

28.3 

17.2 

Key j 

K | 

L 

Key 

K 

L 

tA 

PA (M 11 « 

= 1.5) 

<A 

pa (Mn 

= 1.5) 

100 

38 1 

29.5 

453 

39.5 

31.5 

245 

38.9 

30.5 

470 

39.5 

31.1 

293 

38.0 

30.7 

500 

40.0 


332 

39.0 

32.5 

538 

39.4 


353 

39.5 

32.8 

590 

39.2 

31.5 

381 

39.5 

33.2 

| 646 

39.8 

31.4 

405 

39.6 

32.1 

696 

39.8 


430 

39.6 

31.0 

i 797 

39.8 

31.8 


50% to 63% Cu; Argentan (A), German silver* (G), Maillechort 
(Ml, Nickeline* (N), Nickel silver (S), Platinoid (P), Rheotan 
(R); approximately 62Cu, 22Zn, 15Ni ( 153 ) 


German silver 


Platinoid 


* 1 

P 

* 1 

1 

P 1 

t 

p 

t 

p 

+ 17.2 

39.8 

1-116.1 

38.3 1 

4- 21.2 

34.4 

-99.5 

33 . y 

-169.1 

38.0 

-105.3 

38 4 

— 171 .0 

32.4 

-96.4 

33.1 

-168.2 

38.0 

- 95.5 

38.6 

-173.0 

32.3 

-92.1 

33.3 

-159.3 

38 0 

- 57.2 

39.0 

-172.0 

32.4 

-71.0 

33.3 

-153 0 

37.9 

- 53:3 

39.1 

-160.2 

32.3 

-66.61 

33.5 

-145 8 

37.9 

- 50.9 

39.1 

-155.0 

32.4 

-35.0! 

33.7 

-134.6 

38.0 i 

- 16.0 

39.5 

-146.7 

32.6 

-24.4 

33.8 

-126.9 

38.1 

4- 16.5 

39.8 

-134.6 

32.8 

+ 10.0 

34.3 

W 




-103.9 

33.0 

+ 10.5 

34.3 


* German silver, po - 42.9, ao - 0.038; Nickeline, po - 27 to 43, ao -= 0.024 


to 0.34; composition not stated ( 6, » > 41 ). 

48.6 

65.4 

8.3 

20 

Cu2Sb 

CuSb 

t 

• 

Ni 

1 Zn 

Fe 

Mn 

i 

1 «0 

Lit. 

G 

T> 

15 

1 er 

22 

OO 



26.6 

0.38 

(144) 

Cu-Sb-0 (87) 

r 

15 

22 



34.2 

0.32* 

(169) 




GM 

14 

25 

0.3 


30.0 

0.36 

(73, 74) 

Sb 

O 

pi# 

N 

18.5 

20 

0.24 


33.2 


(73, 74) 

0.14 


1.86 

G 

18.5 

31.1 



30.0 

0.27 

( 83 );tf. (7«) i 

0.13 


1.87 

N 

24.5 

20.4 

0.64 


44.8 

0.33 

(73) 

0.18 


1.93 

N 





36.2 

0.22 

(201) 1 

0.39 

0.10 

2.60 

P 

25 

20.4 

0.5 

0.15 

41 


(ISO) 




R 

25 

16.9 

4.46 

0.37 

52.5 

0 41 

(73) 

Cu-Sn; v. also Table 3 

R 

25 

17 

5 


47.6 

0.24 

(66,141) 

Bronze, 12% Sn; v. also Cu-Sn- 

R 





44.65 

0.28 

(201) 

Zn-Pb (167, 172) 

A 

26 

18 

(t «= 

15°) 

42.0 


(63) 

Sn 

Po 

A 100 

A 




1 

28.45 

0.33 

(201) 

4.1 

8.2 

1 

1.08 

S 

18 

27 

(t « 

20 °) 

30 

0.27 

»(65) 

8.3 


1.14 

S 

18 

(?) 

(t « 

20 °) 

33 

0.31 

(133) 

9.7 

15. 5* 

0.109f 

♦ From 

0 to — 

173°C. 

For wire, 

, pii * 34.4, ao — 

0.25 for 

18 to — 160°C 

12.6 


0.8 

<* 4 «> i/. 

<’ 4l » >••). 






12.6 

17.3* ! 



Cu-Ni-Zn(Co, Fe, Mn). — ( Continued ) 

40% to 56% Cu, German silvers; 0 to 370°C ( 214 ) 


Ni 

Zn 

Fe 

Co 

Po 

Oto 

00 

32 

16 



25.26 

0 26 

1.3 

23 

19 


tr. 

22.52 

0.28 

5.2 

18 

24 



30.87 

0.043 

0.28 

30 

26 

tr. 

4 

47.61 

0.043 

0.80 


Cu-P 

[Cu contains: 0.1530, 
0.012Zn, 0.005Fe, 0.003As, 

0.003(Ni + Co), O.OOKSb + 
Sn), tr. (Bi + Mn)]; t A = 
700°C 


P 

po 

PA 

0.011 

1 

1.71 

0.040 

2.09 1 

2.12 

0.092 

2.51 

2.508 

0.173 

3.07 

3.237 

0.399 

5.23 

5.59 

0.563 

7.24 ; 

7.94 

1.062 

12.66 

13.32 


For Cu, p , 8 = 1.78 (228) 


P 

P 1 8 

P 

P 18 

Rod 

Sheet 

0 

1.78 


1.78 

0.13 

2.45 


3.27 

0.34 

4.85 


6.12 

0.87 

8.55 

1.19 

8.36 

1.79 

13.7 

1.56 

9 95 

2.35 

17.6 

1.73 

10.53 

2.5 i 

22.9 

3.15 

20.2 

5 25 

31.8 

% 



For Ag, po = 1.54; Dd wire 

(186, 188, 189) 


P | 

Po 

a 0 

00 

0.13 

2.28 



0.95 

6.59 

1.32 ; 

0.10 

2.5 

20.84 


0.04 


Cu-Pb; v. Table 3 


Cu-Sb; v. also Table 3 


Sb 


(96) 


Cu-Sn. — ( Cord'd ) 


Sn 

Po 

A 100 

17.2 

21.7 

+0.51 

2) .4 

29.4 

-1.49 

25.95 

32.5 

-0.03 

30.15 

41.8 

+0.46 

31.7 

48.3* 


35.3 

15.32 

1.32 

38.2 

LI . 12* 


40.1 

8.75 

2.82 

44.9 

111 

2.7 

50.0 

12.2 

2.15 

55.1 

11.7 

2.4 

60.25 

12.1 

2.42 

65.6 

12.95 

2.76 

71.1 

13.3 

2.96 

77.5 

13.4 

3.84 

80.8 

13.15* 


82.2 

12.9 

3.54 

88.1 

12.8 , 

3.07 

94.0 

12.4 

4 

100.0 

12.8 

4.5 

100.0 

12.0* 



♦From (>7i). f For 10% Sn («•*). 

[Cu contains: 0.1530, 
0.012Zn, 0.005Fe, 0.003As, 

0.003(Ni + Co), 0.001(Sb + 
Sn), tr. (Mn + Bi)]; t A « 
700°C (198) 


Sn 

PA 

PO 


1.955 

2.01 


2.096 

2.16 


2 . 459 

2.47 

0.40 

2 542 

2.57 

0 53 

2.542 

2.61 

0.62 

2.73 

2.86 

0.88 

2.96 

3.00 

1.15 

2.99 

3.09 

1.24 

3.495 

3.5 

1.46 

3 645 

3.74 

Dd wire 

( l86 );' For Ag, Po = 
1.54 


Sn 

Po 

1 

.31 

3. 

17 

2 

! . 46 

4. 

72 

4 

L67 

7. 

91 

Sn 

pi 

t 

Lit. 


10 11 

49.6* 

( 244 ) 

38.5 

33 3 

Cu 4 Sn 

(96) 

48.3 

11.1 

CujSn 

( M ) 

65.1 

13 3 

CuSn 

( 96 ) 

73; 

AhI ** 

+4.1% 

( 112 ) 


t<A - 


1.06, 50 to 90°C. 
67o°C. 
















































172 


INTERNATIONAL CRITICAL TABLES 


Cu-Sn.— (Cord’d) 


Sn 

(188, 

189) 

PO* 

CLQ 

00 

1.15 

2.45 

2.68 

2.14 

5.16 

7.77 

1.00 

0.29 

8.91 

12.63 

0.76 

+0.24 

9.55 

15.08 

0.67 

-0.74 

12.5 

17.24 

0.55 

+0.005 

80.6 

11.81 

3.33 

6.85 

92.2 

12.52 

3.68 

5.44 


* Assumes for Ag, po - 1.54. 


Cu-Sn-P (*17) 


Sn 

P 

PA 

PTp 

5.08 

0 01 

10.5 

10 5 

Phosphor bronze wire 

Sn 

P 

| Po 


2 

(?)* 

5 -6 



(?)* 

1.7-2 

3-4 


* Content not stated. 


Cu-Sn-Pb (»»«) 


Sn | 

pb i 

Po 


0 

1.835 


0 

1.70 


0.1 

1.72 


Cu-Sn-Si, Silicon bronze wire 


Sn 

Si 

Po 

«0 

1.5-9 

0.05 

1.7-3.92 3-3.8 


Cu-Sn-Zn-Fe-(P), 0.01% P 

(217) 


Sn Zn Fe 

PA 

PTp 

14.42 

10.02 

wmmm 

USEE 

20.2 

16.8 

21.2 

16.6 

Sn 

(202, 

216) 

Zn 

Fe 

P 

PA 

PTp 

5.08 
10 02 
14.42 
19.16 

0 

0.21 

tr. 

0.43 

0 

0.05 

0.06 

0.13 


10.5 
15.8 
20.2 
25. S 



Cu-Sn-Zn-Pb, Bronze; v. also 

Cu-Sn 


mmmmuEMwm 

6 

4 1 

13.5 

Cu-Ti wire ( ,32 ) 

Ti 

P 

a 

1 

22.38 

0.29a ' 

2 

35.51 

2.14o 

5 

57.2 


Cu-Zn, for molten 

alloy, v. 


Table 3 

Zn 

Po 

Aioo 


(222) 


0 

1.538 

4.43 

3.15 

m’WW/m 

3.02 

5.2 

1 i 

3.188 

2.84 

8.3 


2.14 

80.6 

6,866 

1.60 


Cu-Zn. — ( Cord'd ) 


Zn 

Po 

Aioo 

32.2 

7.029 

1.59 

35 65 

6.957 

1.63 

38.65 

6.808 

1.71 

42.7 

5.558 

2.51 

43.7 

5.420 

2.65 

45.7 

4.682 

3 00 

'48.7 

4.291 1 

3.39 

50.0 

4.137 

3.57 

50 7 

4.330 

3.55 

50 7 

4.302* 

3.64 

53.7 

6 000f 

3.16 

58.7 

11.28 

2.22 

59.7 

13.01 

2.08 

60.7 

12.10 

2.34 

61.7 

11.31 

2.50 

62.65 

11.00 

2 54 

65 65 

10.25 

2.90 

65.65 

10.30 

3.00 

67.35 

9.812 

4.08 

69.6 

9.533 

3.57 

70.6 

9.226 

3 61 

71.6 

8.597 

3.31 

72.6 

8.460 

3.02 

72.6 

8.252 

3.22 

75.65 

8.050 

2.74 

77.55 

78.5 

7.491 

2.53 

2.42 

80.5 

81.5 

6.864 

2.42 

2.57 

83 45 

8.972 

2.77 

84.4 

10.42 

3.07 

•85 4 

11.56 

3.20 

86.1 

11.75 

3.51 

86-. 4 

10.71 

3.29 

80.85 

9.704 

3.20 

88.3 

89.3 

7.451 

7.100 

3.25 

90.25 

6.555 

3.58 

91.35 

6.362 

3 47 

92.2 

6 420 

3 44 

93 2 

6.419 

3.50 

95.15 

6.403 

3.58 

97.1 

6.306 

3.79 

100.0 

6.154 

4.27 

2.48 

(202) 

2:675 

2.92 

7.45 

3.875 

1.891 

11.65 

4.51 

1.862 

15.0 

4.92 

1.869 

19.05 

5.74 

1.852 

26.8 

6.08 

1.767 

28.75 

6.16 

1.750 

34.15 

6.72 

1.676 

36.3 

6.8 

1 . 474 

42.1 

5.875 

1.635 

47 5 

4 52 

2.320 

53.8 

5.28 

1.933 

67.7 

11.8 

2.086 

63 3 

8.1 

1 754 

68.9 

8.62 


75.3 

8.54 

i 

2.615 

70 3 

7.67 

1.793 

82.4 

8.17 

2.51 


Cu-Zn. — (Coat'd) 


Zn 

Po 

Aioo 

88.25 

7.65 

2.778 

92.25 


3.351 

93.8 

6.2 

3.361 


(117) 


0 

1.576 

4.316 

0 

1.592 

4.328 

0.71 

1.823 

3.725 

1.56 

2.133 

3.185 

3.07 

2.372 

2.913 

5.51 

3.010 

2.383 

9.08 

3.628 

2.044 

18.02 

4.763 

1.691 

20.29 

5.064 

1.639 

22.71 

5.424 

1.607 

28.16 

5.826 

1.581 

34.23 

6.302 

1.579 

40.28 

5.789 

2.116 

42.55 

5 307 

2.376 

45.19 

4.712 

2.851 

46.85 

4.314 

3.105 

99.53 

5.883 

3.847 

100.00 

5 683' 

4.029 ' 


* CuZn; Guertler (**j gives p ■» 3.1. 
t For 55 7 % Zn, fiu - 8.181. 


Zn (*44) 

pt 

t 

a 0 * 

3.11 

2.84 

41.5 

tfclftliM 

5.00 

3.83 

38.6 

2.72 

* 40 to 70°C. 

Zn (188, 

1 89) j 

Po* 

a 

0 

4.05 

2.54 

2.471 

2.01 

8.89 

3.20 

2.04 

1.56 

19.8 

5 43 

1.42 

0.65 

25 0 

6.98 

1.27 

0.38 

36 7 

0 91 

1.37 | 

0.55 


• Assumes for Ag, po — 1.54. 


Brass rod, Zn *= ca. 30%, D «= 
1.40 if -180° < t < 22° (16») 
Brass wire, Zn = 33%, A llm = 
5.7; p A = 6.61 ;p Hm «= 6.99 (Hi) 
Brass (H*);f A “ 650°C 


Zn 

Ah 

Zn 

Ah 





S' i 


EH 



* A e .varies from 6.5 to 21.8% 
depending upon tbs amount of hard* 
ening. 


Cu-Zn-Fe ; t - 20°C 


Zn 

Fe | 

PA 

Lit. 

39.52 

0.13 

6.30 

(IU) 

49.8 

0.13 

5 0* 

(*I7) 


•/A - 650°C. Cast - 4 0, Qru - 
5 . 8 . 


Cu-Zn-Ifi; v. Cu-Ni-Zn 


Cu-Zn-Ni-(Co, Fe, Mn); v. 
> Cu-NI-Zn-(Co, Fe, Mn) 


Cu-Zn-Pb (tU); t>. also Table 3 



* Drawn to 1.5 mm and cold rolled 
to sectional area - 1.17 mm*; pre- 
vious annealing reduces effect of 
rolling. 


Fe; Pll = 9.66 (146) 

For effect of stjyss and of ' 
magnetic field, v. Fe-Ni 

■■ ■ ■ 4 - 

Fe-x 


The substance x is indicated 
by its symbol; t = 18°C; Gh = 
Gumlich, Bs =* Benedicks, Bt 
=* Barrett, Mr * Mahler; all 
as quoted by Stablein (*«*). 


S Lit. 



A1 


*1 

11.6 

Gh 


11.8 

Be 


14 

Bt 


28 

(») 


25.5 

( ,s ) 

ii 

36 

(») 

54 

44.5 

(»») 

5. 

54 

(») 


61.5 

(**) 


B" 


«. 

6.2 

(*••) 


C* 



- 1.74 

(*«•) 


+13.3 

(*••) 

1 

Dissolved C 

5. 

3.4 

Gh 


0.0 

Bs 


(5) 

Bt 


7 

Free C 

Mr 


3i 

29 

Gh 


26.8 

Cr 

Bs 

5i 

6.2 

Bs 


5 

Bt 

5t 

10 

(*) 

5i 

• 11.5 

(•) 

«4 

12.0 

(13) 

5i 

14 

(•> 


14.0 

Cu 

( 1J ) 


- 0.18 

(146) 

+ 5.5 

Gh 


5.1 

Bs 


4 

( 4B > 


4 

Mn* 

(236) 


6.27 

(146) 

4.7 

Gh 


5.9 

Rs 


8 

Bt 


5 

Mr 


5.5 

(176) 

5* 

16 

(•) 


15.0 

(■*> 

Si 

18 

( 9 ) 

St 

21.0 

( IJ ) 
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Fe 

-x. — ( Cord'd ) 

Fe 

-x. — (Coni' d) 

5 


Lit. 

5 

Lit. 

Mn.* — (Cont'd) 

6i .'—(Cant'd) 

5» 

24.5 

(») 

5a 

26 

(») 

5a 


(>*) 

5a • 

34 

(•) 

• 

Ki 


5s 

41.0 

(U) 

5. 

1.46 

(i«) 

5s 

49 

(») 


5.5 

Bs 


55.5 

(«■*) 

e 


3.5 

Bt 


W 



1.7 

(»**) 

5i ’ 

1.75 

Bs 

5i 

7 

(») 


2 

Bt 


6.5 

(»*) 

5j 

4 

(®) 

<i 

9 

(») 


4:0 

( l3 ) 

5s 


(»*) 

5, 

5 

(*) 

5» 

13 

(») 

5 4 

5.5 

(13) 

5a 

12.5 

(ii) 

5s 

6 

(») 




5< 

6.0 

( 13 ) 


P* 

ic jd 
11.2 

10.3 
11.0 
S* 
1.80 

10.9 

10.0 

Si* 

20.20 

13.3 

11.3 
13 

13t 

lit 


(146) 

Gh 

Bs 

( 4 ) 

(146) 

Gh 

Bs 


(146) 

Gh 

Bs 

Bt 

(*••) 

(266) 


* If aymbol of x indicates the Wt. 
%, then for C ^ 0.02, Mn ^ 1, 
P ^ 0.015, and 8 ^ 0.1, pn m 9*® + 
7Mn + 128 + 60P -f 82.6C; for 8i 
^ 0.35, p - 9.6 + 18.4 Si, for 0.35 ? 
Si? 6.5, p - 16.05 + 11.1 (Si - 0.35) 
(*•*» *•«). 
t 11 to 13. 


Fe-(C, Mn, P, S, Si) 

If Ci =* Wt. % of total 
impurities, then, roughly, p — 
8 4- 7.6C< if Ci lies between 
0.4 and 1.9; deviations of 15% 
or 20% are recorded (**). 


Fe-(P, S, Se, C) 

Elec. Fe; Hooo% ( 305 ) 


s 

C 

C* 

' PA 

<A 



3 


10.25 

920 

vac 


16 

4 

9.91 

905 

vac 

17 



9.93 

950 

air 

10 

25 


10.15 

950 


19 

14 

8 

10.28 

910 

vac 

13 

20 

16 

10.81 

910 

vac 

10 

30 

21 

11.43 

910 

vac 

12 

76 

01 

11.47 

920 

vac 

S 

P 

C* 

^ 

<A 


35 

A 



jVTTQH 

923 

vac 

IS. 




923 

vac 

46 



10 3 

923 

vac 





923 

vac 

68 




923 

vac 

28 



12.55 

922 

vac 

29 



11.34 

922 

vac 

36 



11.0 

922 

vac 

21 

10 


10.8 

924 

vac 

16 

19 

0 8 

10.36 

924 

vac 

23 

33 


10.45 

924 

vac 

20 

37 

1.1 

10.8 

924 

vac 

20 

41 

10 

10 85 

924 

vac 


Fe-(P, S, Se, C).— (Cord’d) 
Hooo% ( 46 ) 


Se 

PTp 


17 

16.2 


19 

14.6 


fr P - 900 °C 


Fe-Ag ( 4 «); bp - 900°C 


Ag 


PTp 


0.281 

0.492 

0.506 

0.533 

0.581 

0.677 

0.691 

4.0 


12.5 
13.3 

13.6 
13.1 

14.7 
13.5 

13.8 
7.7 


• Aim; PHm “ 12.2. 

Fe-Al 

At 18°C, 5, = 23, 

5s = 54 (9) 


5, = 36, 


0 
0.09 
0.1 
0.73 
1.55 
3.31 
3.53 
4.83 
5.30 
8.10 
8.60 


10.3 
11.0 
11.8 
18.0 

29.4 
43.9 
49.0 

57.7 

67.7 

81.4 
84.3 


Treatment (?) ( 158 *t) 
10 | 100 
T P 900 ( 4 «) 


0.067 

1.333 


23.9 

17.4 


Fe-Al-Cr-C (**. **) 

t - 18°C; Ia - 1000°C 


A1 

Cr 

C 

PA 

PO 

0.75 

1.75 

0.21 

28. 0 ; 

33.2 

1.00 

3.50 

0.46 

45.0 

49.9 

2.50 

1.50 

0.18 

50.3 

58.5 

4.50 

1 50 

0.22 

68.4 

77.8 


PO — PA 


ca. 0.1 5pa 


Fe-Al-Si-C (»2, 13) 

t = 18°C 


A1 

Si 

C 

PA 

PO 

0.75 

0.10 

0.17 

22 0 

24.8 

2.25 

0.18 

0.24 

39.0 

46.3 

5 50. 

.0,20 

0.22 

70.0* 

71.8 


* P D 

150°C. 


- 74.6; - 0.63 for 0 to 


Fe-Al-Sn (4«) 


A1 p 

A1 

Sn 

PA* 

PHm 

Auoo; 20°C; C ? 0.16% (3»6)* 

2 

1 

18.2 

18.9 


- 1000°C. 


Fe-As( 46 ) 


As 


Tp 


#00 


0.292 

0.430 

0.915 

1.81 

3.862 

3.563 

1.0 

3.0 

5.0* 


1000 


0.8% A1 

PHm = 20.0 
PA - 16.1 
t K = 1000°C 


14.7 

16.8 
19 5 
25.5 
37.1 

34.0 

14.3 

20.1 

20.8 


Hm 


* p ia unaffected by heat treatment; 
same for F, Am, and Auoo; C ? 
0.06%, excepting for A1 — 4.83, 8.10, 
8.60, for which C - 0.16, 0.09, 0.13 %, 
reapectively. 


* After annealing 


1 0 

18.1 

3.0 

25.3 

5.0 

26.7 

* Adding 5 % 

Aa to transformer 


iron (Aiom) increases p from 18.7 to 
30.2. 

Fe-As-Mn-Cu-P 


A1 

Fe-Al-C 

C | 

PN 

0.4Mn, 0.2Cu, 0.2P, 0.05S, 
0.05Si, 0.08C (170) 

i - 20 to 

■ 23°C; ( H - 975°C 

As 

P 

PH 

— pn ~ ca. 

1.0 


13.3 


(219) 


^ H 

14.2 

0.51 

0.09 

17.1 

0.405 

15.3 

1.08 

0.11 

26.3 

0.459 

15.8 

2.04 

0.17 

35.9 

0.691 

16.8 

3.05 

0.13 

50.7 

0 880 

18.4 

5.08 

0 17 

63.6 

1.172 

20.6 

7.18 

0.08 

76.6. 

1 425 

21.9 

t - 19 to 23°C; f H - 975°C 

1 621 

23.4 

PH 

— PN “ CO. 10 

1 043 

25.2 

1.05 

0.67 

30.3 

2.240 

27.3 

2.09 

0.80 

47.4 

2.534 

27.5 

2.89 

0.09 

53.0 

2.841 . 

29.1 

4.65 

0.81 

65-6 


31.6 

9.15 

0.66 

92.0 

3.284 

37.9 

14.90 

0.87 

87.8 

3 515 

35.3 
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Fe-Au 0 02 ); v. also Au-Fe and 
figure on p. 203 


Au 

p. * | 

0(1 I 

00 

o 1 

11.0 | 

5.3 

3.4 

1 

11.9 | 

4.9 

3.4 

3 

14 3 ] 

4.1 

3.0 

5 

16.3 

3.6 1 

3.1 

10 

19.7 
| 17.0 

3.0 

2.8 

20 

3.6 

3.5 

40 

i 20.0 

3.3 

3 3 


Fe-B (298); 6 f = 6.2 
Fe-B-C, Boron steel ( 219 ) 


B 

C | 

P 2* 

0.21 

0.18 

17.1 

0.48 

0.22 

22.9 

0.84 

0.21 


0.15 

0 47 

29.1* 

0.41 

0.69 

29.8* 


* Qjw. 


Fe-Bi; A,ooo ( 46 ) 
, ■ ».■■■■— ■ . ■ ■ 


1 0 

13 4 


14 6 


15.3 

6.0 

13 0 


16.6 


Fe-C; v. also Table 3 
For pure Fe, 5i /= 13.3 ( 298 ); 
St = -1.74 (146) 

Steels 


mn 

Cl 

Si 




Ss* 

3 

tr. 


3 7 

7.4 

S* 

4 


11.75 

6.6 

4.3 

Sh* 

6 

tr. 

11.25 

4 9 

8.9 

H* 

8 


15.42 

4.0 

5.4 


Fe-C. — (Conl'd) 

Mn, 0.2; Si, 0.1; l ^ 800°C 

(25) 



C 

P 800 

D 

M* 

0.205 

42.8 

4.86 

Sh* 

0.493 

47 0 

4.3 

H* 

0.841 

72 7 

2.3 

H* 

0.82 

92.9 

2.8 

H* 

1 05 

92.0 

2.9 

H* 

1.16 

90 6 

2.83 

H* 

1 1 38 

97.75 

3 01 


* Ss - very soft; 8 - soft; Sh - 
semi- hard ; H - bard. M ■=» mild. 


Semi-hard steel (l 61 ); 0.06C, 

0.4Mn 


t | 

p 

15 


300 

54.8 

420 

70 

600 


700 

123.5 

820 

163 

960 

168 

1100 

170.6 


Hard steel ( ,eI ) 


t 

p 

15 

30.6 

280 

58 6 

410 

76.4 

680 

135 

730 

144 

830 

177 

870 

182 

940 

185.9 

1050 

188.4 




Electrolytic Fe f 305 ) 


C 

C* 

PA | 

U 


0.016 

0.004 

9.91 

905 

vac 

0.003 


10.25 

920 

vac 

0.176 


12.58 

936 

vac 

0.206 


13.29 

936 

vac 

0 . 205 


12.55 

930 

vac 

0.282 


11.82 

930 

vac 

0.284 


12.2 

930 

vac 

0 . 224 

0.235 

12.0 

900 

Nj 

0 . 224 

0.151 

12.4 

900 

vac 

0.315 

0 339 

12.7 

900 

N, 

0.315 

0 . 227 

13.4 

900 

vac 

0.492 

0.485 

13.5 

900 

N, ' 

0 . 492 

0 387 

13.9 

900 

vac 

0.742 


13.8 

900 

N, 

0 742 

0.559 

14 2 

900 

vac 

0 846 

0.85 

14.7 

900 

N, 

0 846 

0.791 

! 15.05 

900 

vac 

1.016 

0.985 

18.7 

900 

vac 

1.016 

0.981 

18.5 

900 

vac 


' After heat treatment 


Fe-C. — ( Continued ) 
Swedish iron + C ( ,27 ) 



3 

9 

140 

183 

254 

302 

375 

462 

527 

627 

700 

742 

751 

760 

773 

789 

817 

851 

862 

890 

901 

888 

851 

810 

772 

746 

709 

650 

390 


15.3 
20 0 
23.1 

26.3 

32.0 

36.4 

43.6 

53.1 

61.6 

76.4 

90.2 

98.7 

100.7 
102.2 

105.3 
108.6 

111.3 

113.8 
124.5 

115.8 

117.0 

115.1 

112.9 
110 3 
105.8 
100 0 

92.1 

80.7 

45.3 


0.18% C 


24 

89 

152 

213 

257 

338 

450 

533 

626 

653 

693 

723 

734 

747 

750 

767 

777 

799 

809 

823 

832 

835 

843 

866 

890 
018 

891 
862 
839 
818 
797 


16 5 

18.3 
24 3 
28.9 

31.8 

37.8 

51.4 
61.0 

72.2 
76.6 

84.3 

89.5 
91.1 
93 7 
95.0 

99.4 

101.7 

104.3 

105.4 

106.5 

106.7 

107 0 
108.0 

108 7 

109.2 
110.0 

109 1 

108.2 
107.3 
106.5 
105.0 


0.18% C 


0.44% 


781 

746 

731 

723 

710 

697 

688 

675 

666 

655 

635 

604 

477 

300 


102.4 

97.1 

93.6 

91.6 

89.8 

87.1 
84.4 

80.9 

79.9 

77.8 

75.9 

70.9 
54.8 

36.2 


420 

302 


56.6 

44.6 


0.44% C 


30 

85 

177 

226 

289 

338 

426 

520 

577 

657 

702 

709 
717 
721 
726 
728 
731 

736 

737 
742 
747 
754 
756 
702 
774 
796 
829 

890 
908 

891 
845 
813 
762 
753 
746 
728 
721 

710 
707 
673 
670 
662 
651 
651 
628 
518 


22.9 

27.2 

34.0 

37.1 

42.4 

47.2 
56 9 

67.5 

75.4 
86 6 

95.8 

96.8 

98.0 

98.8 

99.4 

100.3 
101.0 
102.8 

103.9 

105.9 

107.3 
108.1 

109.2 

109.7 

111.3 

112.3 
113 5 

115.8 
116.2 

115.8 
113.6 

112.8 

110.9 
110.1 
109 4 

109.2 

107.3 

106.9 
106.5 

99.2 
96.9 

92.5 

87.2 

85.6 

83.6 

68.1 


0.64% C 


24 

104 

165 

245 

318 

425 

473 

541 

596 

655 

689 

716 

728 

732 

734 

736 

745 

760 

780 

807 

854 

890 

904 

890 

834 

736 

710 

694 

686 

680 

677 

665 


16.5 

21.5 
26.2 

32.7 

39.4 

51.2 

57.4 
66:3 

74.2 

83.8 

89.3 
94.2 

96.4 

98.5 

101.4 

105.2 

107.6 

109.7 

111.4 

112.3 

113.8 

115.5 

116.3 

115.8 

113.8 

109.7 
107.2 

103.6 

101.8 
98.5 
92.8 

87-5 


0 

25 

92 

16o 

225 

278 

341 

398 

514 

612 

675 

683 

721 

732 

738 

741 

754 

764 

797 

841 

880 

913 

870 

818 

748 

HA i 


80% C 

18.7 

23.2 

28.3 

33.4 

38.2 

45.2 
51.6 
66.0 

80.4 

90.2 
91.0 

98.8 

101.3 

104.8 

111.9 

113.0 

114.4 

115.0 

116.7 

118.5 

119.5 

112.8 
115.8 
113 5 

« e 1 4 


0.80% C 

110.3 
106.8 

102.3 

C 

18.3 

23.3 

26.9 

33.6 

44.2 

44.9 

52.4 

63.0 

81.1 

90.4 

92.2 

93.4 

93.7 

94.8 

95.8 

96.4 

98.4 

100.4 

101 . 8 . 

106.4 

107.3 

107.6 

107.9 

108.3 

109.1 

110.6 

112.1 
112.8 

113.9 

111.9 

111.9 
108.1 

105.9 
105.7 
103 2 

101.4 

99.6 

97.6 

94.8 

92.9 
85.3 


684 
677 
676 

1 . 02 % 
24 
104 
154 
250 
340 
351 
420 
512 
633 
700 
713 
722 
722 
728 

734 

735 

736 

737 

738 
738 
747 
750 
753 
775 
794 
832 
864 
889 
920 
864 
808 
756 
702 
698 
693 
692 
691 
689 
685 
682 


668 
1.30% C 


81 

117 

260 

365 

477 

538 

606 

634 

660 

700 

710 

719 

722 

727 


23.9 

28.2 

37.5 

48.5 

61.3 

68.5 

78.2 

82.4 
85.8 
92.0 

93.6 

94.3 

95 3 

96 8 
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/ 


Fe-C. — ( Continued ) 


Swedish in 

+C.— 

(CWd) 


t 


pt 


-1.30% C 


734 
739 

742 

743 
746 
750 

753 

754 
762 
774 
801 
851 
876 
918 
891 
864 
849 
812 
752 
728 
719 
700 
697 
697 
696 
696 
694 
692 
691 
690 
681 
676 
653 
561 


97.5 

98.6 

104.4 

106.7 

107.5 
108.0 

108.7 

108.5 

108.8 

109.8 

110.8 

113.1 

114.3 
116.8 

116.5 

115.5 
113.0 
111.8 
108.8 
107.8 

107.2 
107.2 

106.4 
103.7 

102.4 
100 4 

97.8 

95.1 
91.5 

91.1 
89.4 

87.9 

85.2 
70.7 


Swedish iron 

+C.- 

0 Cord'd ) 


Resistivity in 

H (l 


magnetic field 

26 ) 


1.50% C 
23 
86 
160 
247 
338 
432 
562 
606 
653 
698 
708 
712 
719 
723 
728 

735 

736 

737 

738 

739 
741 
746 
753 
816 
877 


19.1 
23.8 
29.0 

36.5 

46.2 

67.2 

74.6 

81.2 

89.6 

87.5 

98.5 
100.2 

100.7 
101.1 

102.7 

104.7 
105.2 

108.7 
109.9 

111.6 
112.6 

113.8 

114.5 

120.9 
112. 4f 


t 

Pi 

1.60% C 

907 

126.1 

888 

124.9 

841 

122.4 

832 

121.7 

826 

121.7 

791 

118.9 

783 

118.1 

767 

117.8 

703 

116.0 

990* 

112.9 

689 

110.8 

689 

109.6 

688 

106.7 

686 

103.4 

685 

101 1 

682 

97.7 

680 

95.8 

673 

93.9 

645 

88.2 

558 

74.5 

360 

49.3 

•Probably 

should be 690. 

tP> 

r o b a b 1 y 

should be 122. 4. 

Soft welding 

iron; 

0.05% C 

( 

161) 

t 

Pi 

15 

17.82 

290 

48.5 

460 

75.1 

750 

140.0 

800 

154 

860 

166.8 

910 

170.6 

1060 

178.2 


f 


t 


H -sc ale of 
temp. ( l89 ); 
ca . 1% C 


+ 16.2 
-172.7 
-173.9 
-172 2 
-165 2 
-154.8 
-146.9 
- 111.0 
-101.9 

- 95.8 

- 92.7 

- 40.8 

- 39.6 

- 36.0 
+ 21.8 
+ 22.1 


18.33 

7.19 

7.12 

7.18 

7.54 

8.07 

8.36 

10.53 

11.13 

11.49 

11.69 

14.74 

14.84 

15.08 

18.67 

18.71 


0.64%C; 
H = 80.1 


1.02% C; 


240 
281 
342 
427 
487 
561 
659 
672 
679 
686 
711 
735 
748 

762 
770 
789 
810 
826 
846 
873 
867 
851 
821 
801, 
784 

763 
750 
742 
714 
698 
687 
676 
662 
652 
622 
560 
488 
427 
343 
280 
230 


32.15 

35.9 

41.9 
51.25 

59.8 

68.8 
82.8 

85.3 

86.4 

87.8 

91.7 

96.1 

99.6 
102.8 

104.9 
108.0 

110.8 

112.7 

114.3 

116.4 

115.2 

114.6 
113.45 

112.3 

110.8 
108.0 

105.4 

103.1 
96.2 

91.9 

89.1 

86.4 

84.2 

82.4 

77.2 

68.9 
68.7 
51.25 

42.1 

35.9 

31.1 


1.02% C; 
H - 80.1 
13 


116 

213 

251 

312 

375 

433 

479 

530 

612 

634 

645 

654 

663 

673 


19.0 
25.7 

32.4 

35.5 

41.2 

46.9 

53.0 
59 0 

65.2 

75.9 

79.2 

80.6 

81.9 

83.3 
84.6 


H = 

704 

715 

723 

737 

760 
772 
779 
784 
801 
819 
822 
828 
838 
848 
859 
872 
872 
858 
831 
821 
815 
802 
788 
776 

761 
750 
744 
731 
720 
712 
706 
701 
694 
687 
680 
667 
653 
637 
553 
442 
369 
278 
222 
179 
154 
133 

71 


80.1 

90.4 
92.0 
93.8 

97.4 

103.4 
106.1 
108.1 

109.4 
111.0 

112.3 

113.6 

114.1 

115.0 

116.0 

116.6 
118.0 
118.0 
116.6 

115.3 

114.4 

113.7 

112.8 

111.4 
110.7 

109.2 
107.0 
105.9 

103.3 

100.3 

97.8 

95.6 

93.8 

92.1 

89.4 

86.6 
84.25 
82.0 
80.0 

68.2 

53.9 
46.6 

37.5 

33.5 

29.5 
28.0 
26.4 
22.2 


1.30%C; 


H 

14 

67 

164 

223 

299 

348 

403 

452 

492 

511 


80.1 

65.1 
68.5 

75.3 

80.3 
86.8 

91.2 
97.1 

103 0 
107.4 
109 5 



Fe-C. — ( Continued ) 


Resistivity in magnetic field H. — ( Continued ) 


t 

P 

t 

p 

t 

1 p 

t I 

p 

1.30% C: 

1.30% C; 

0.18% C; 1 

0.44% C; 

H = 

= 80.1 

H = 

= 80.1 

H 

= 187 

H 

- 187 

559 

115 9 

716 

147.0 

721 I 

95.9 

631 

81.6 

588 

119.8 

701 

142.0 


97.8 

647 

83.7 

606 

121.4 

686 

137.4 

743 

SEES 


85.0 

610 

122.6 

677 

135.0 

753 

IMfl 

668 

87.0 

632 

125.6 

662 

130.7 

757 

IMI 

677 

88.5 

642 

127.0 

652 

128.9 

775 

107.3 

687 

90.0 

655 

129.1 

642 

127.5 

788 


703 

92.7 

668 

131.0 

632 

125.9 



712 

94.1 

678 

132.6 

602 

121.9 


111.4 

722 

96.2 

685 

134.7 

537 

112.5 

813 

111.7 

727 

97.4 

697 

136.5 

389 

95.5 

823 

112.6 

730 

97.9 

731 

144.3 

270 

84.4 

834 

113.4 

734 

99.4 

740 

147.0 

226 

79.8 

845 

114.4 

742 

101.4 

750 

150.1 

196 ! 

77.6 

863 

115.4 

752 

103.4 

756 

151.6 

157 

74.6 

872 

115.7 

762 

105.1 

760 

152.5 

101 

70.8 

876 

116.0 

771 

106.5 

772 

154.0 

83 

69.2 

0.44 %C: 

780 

108.0 

794 

157.4 

0.18% C: 

H 

= 187 

789 

109.2 

810 

159.0 

H 

= 187 I 

15 

22.4 

796 

110.0 

824 

159.9 

15 

18.6 1 

69 

25.9 


111.2 

837 

160.7 

124 

25.9 

126 

29.5 

814 

112.0 

864 

161.8 

177 

29.6 

193 

34.1 

826 

112.5 

876 

162.0 

230 

33.8 

238 

37.7 

828 

112.7 

888 

161.8 

281 

38.1 


4l .9 1 


113.0 

858 

159.7 

331 

42.7 

323 



113.1 

838 

158.8 

341 

43.5 

349 

47.2 

845 

113.4 

825 

158.1 

395 

49.0 

372 

49.8 

862 

113.8 

811 

157.3 

473 

58.6 

391 

51.6 

871 

114.0 

797 

156.3 

526 

65.1 

425 

55.5 

882 

114.2 

771 

154.6 

596 

75.0 

466 


890 

114.3 

758 

153.8 

650 

83.2 

513 

65.6 

899 

114.2 

741 

152.0 

660 

85.3 


77.2 

907 

114.0 

725 

149.4 

691 

90.7 

617 

79.4 

917 

113.8 


Fe-C-z 

Carbon steels; composition of x , Hoo% 


Key 

1 Cr 

Cu 1 

Mn 

Ni 

s 

Si 

P 

1 



2.5 


0.4 

0.6 

1.2 

2 


3 

4 


2.4 

12 

1 

3 


3 

1 


2.2 

11 

1 

4 


3 

7 


2.1 

13 

i 

a 

5 


3 

8 


2.1 

13 

1 

6 i 


4 

10 


2.1 

13 

1 

7 


3 

7 


2.4 

11 

• 

1 

8 


3 

9 


2.0 

13 

1 

9 


3 

8 


2.1 

12 

1 

10 


3 

10 


2.2 

12 

1 

11 


3 

12 


1.9 

13 

1 

12 


3 

13 


1.9 

14 

1 

13 


3 

12 


1.4 

15 

1.8 

14 

3 

5 

13 

6 


4 

1.2 

16 

3 

6 

12 

6 


11 

1.0 

16 

4 

6 

13 

5 

1.8 

13 

1.0 

17 



6 


1.5 

1.5 

3 

18 ! 



12 


4 2 

21 

1.2 

19 



12 


2.5 

6 

0.5 

20 



19 


2 5 

5 

1 

21 

5 


23 


1.4 

23 

1.6 
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INTERNATIONAL CRITICAL TABLES 


\ 


C + x 


iec. Fe + a dditions (Hi) 

aouT+T 


Fe-C-r. — ( Continued ) 


•* 5.51 


0.11 +2 


5.25 


h 

Aqt 



900 

0.088 

*950 

0.410 

t 

pi 

M 

pi 

Act 

25 

10.949 

0.535 

12.093 

0.452 

100 

15.466 

0.747 

16.872 

0.607 

150 

20.990 

1.708 

20.436 

0.634 

200 

24.529 

2.318 

23 . 395 

1.480 

250 

28.190 

3.295 

27.480 

1.835 

300 

32.827 

3.662 

31.710 

2.256 

350 

38.196 

3.540 

37.350 

2.113 

400 

44.300 

2.806 

42.916 

2.184 

450 

51.010 

2.930 

49.330 

2.112 

500 

57.844 

3.050 

55.671 

2.609 

550 

64.800 

2.320 

62.717 

2.608 

600 

72 . 853 

2.931 

69.905 

2.820 

650 

81.274 

2.808 

78 . 572 

2.608 

680 

86.522 

5.002 

83.928 

2.116 

690 

88.110 

7.074 

85.690 

2.468 

700 

89 . 820 

7.562 

87.382 

4.018 

710 

91.890 

7.570 

89.144 

7.046 

720 

93.968 

7.441 

90.976 

7.684 

730 

98.850 

5.491 

93.160 

7.820 

740 

101.53 

4.89 

95.630 

7.390 

750 

103.73 

4.64 

98.800 

6.200 

760 

105.800 

4.03 

101.470 

5.430 

770 

107 . 270 

3.78 

103.730 

4.93o 

780 

108.120 

4.03 

105 . 770 

4.87 

790 

108.850 

3.91 

107.110 

4.79 

800 

109.831 

3.54 

108.380 

4.62 

850 

113.492 

2.56 

112.960 

3.4s 

860 



113.810 

3.3i 

870 



114 660 

3.1s 

880 

115.687 

1.71 

115.570 

2.7e 

890 

116.178 - 

1.70s 

116.420 

2.1s 

900 

116.665 

1.710 

117.050 

1.9o 

910 

117.273 

1.347 



920 

117.519 

1.464 

118.400 

1.33 

930 

117.884 

1.466 



940 

118.249 

1.343 



950 

118.620 

1.215 

119.800 

0.70 

980 

119.716 

0.975 

121.000 

0.63 

1000 

120.447 

0.609 

121.660 

0.66 

1020 

121.183 

0.606 

122.400 

0.22 

1050 

122.153 

0.247 

124.030 


1080 

123.008 

0.123 



1100 

123.620 





C + x 

0.17 + 3 

0.35 + 4 

ato* 

4.98 

4.61 

(Q 

900 

950 

900 

950 

AQt 

0.101 

0.606 

0.651 

1.429 

t 

Pi 

Act 

Pi 

A«t 

25 

12.851 

0.213 

14.636 

0.175 

100 

17.597 

0.447 

19.465 

0.470 

150 

20.601 

1.421 

22.783 

0.783 

200 

24.012 

1.420 

25.986 

1.780 

250 

27.776 

1.564 

30.045 

1.852 

300 

32 . 181 

1.662 

34.460 

1.993 


• 25 to 100°C. 

t Aq • pq' — pq"; og' (pq") — p for specimen quenched at tq (at 850*). 
t A* - pu - pa; pr* (pu) - pi tor beating (cooling). 


Elec. Fe + . additions.—— (Continued) 


c +x 

0.17 + 3 

0.35+4 


4.98 

4.51 


900 

950 

900 

950 

A <jt 

0.101 

0.606 

0.551 

1.429 

t 

pi 

Act 

'Pi 

Act 

350 

37.083 

I 2.273 

40.511 

I 1.495 

400 

43.334 

2.122 

46.064 

2.136 

450 

49.160 

2.55s 

51.831 

.2.279 

500 

55.554 

2.55s 

58.381 

2.279 

550 

62.657 

2.13o 

64.930 

2.138 

600 

70.260 

2.20o 

73.190 

0.513 

650 

78.286 

2.554 

81.380 

0.851 

680 

83.544 

2.626 

86.504' 

0.784 

690 

85.250 

2.696 

88.284 

1.068 

700 

86.882 

3.128 

90.064 

2.208 

710 

88.730 

5.751 

91.844 

7.548 • 

720 

90.434 

6.466 

93.480 

10.610 

730 

92.350 

6.965 

95.402 | 

10.608 

740 

94.840 

6.750 

97.540 

10.390 

750 

98.745 

5.045 

102 . 740 

7.260 

760 

101.440 

4.480 

107.510 

4.270 

770 

103.720 

4.120 

109.640 

3.190 

780 

105 . 850 

3.910 

111.280 

2.700 

790 

107 . 270 

3.480 

112.630 

2.070 

800 

108.550 

3.120 

113.350 

1.840 

850 

112.950 

2.700 

116.190 

0.930 

860 

114.310 

1.840 



870 

115.650 

0.996 



880 

116510 

0.560 

117.540 

0.780 

890 

117.000 

0.427 



900 

117.356 

0.494 

118.250 

0.720 

920 

118.067 

0.353 

118.970 

0.640 

950 

119.210 

0.280 

120.180 [ 

0.500 

980 

120.270 

0.140 

121.110 

0.420 

1000 

120.830 

0.150 

121.820 

0.140 

1020 

121.550 

. 0.070 

122.530 

0.070 

1050 

122.610 1 


123.600 | 


C + x 

0.45 + 6 

0.64 + 6 


ao* 

4.24 

4.09 


900 

950 

900 

950 

* Aq t 

0.830 

1.792 

0.239 

1.262 , 

t 

pi 

Act 

pi 

Act 

25 

15.333 

0.147 

| 16.506 

0.151 

100 

20.225 

0.163 

21.421 

0.521* 

150 

23.301 

0.852 

25.240 

0.431 

200 

27.563 

0.710 

28.110 

1.433 

250 

81.683 

0.997 

31.910 

1.792 

300 

36.087 

1.777 

36.283 

2.295 

350 

41.354 

1.838 

42.450 

1.434 

400 

47.100 

1.757 

48.330 

1.291 

450 

53.142 

1.700 

53.934 

0.562 

500 

59.177 

2.485 1 

60.592 

0.932 

550 

65.924 

1.776 

66 686 

+2.297 

600 

73.313 

1.847 

77.720 

-1.569 

650 

81.696 

1.422 

1 82.680 

+0.572 

680 

86.740 

1.420 J 

87.626 

1.004 

690 

88.310 

1.554 

89.562 

0.648 

700 

89.937 

1.774 

91,212 

0 716 

710 

91.500 

9.020 

92.860 

4 302 

720 

93.275 

13.285 

95.082 

12.838 

730 

95.190 

13.500 

96.802 

13.838 

740' 

97 . 325 

13.285 

98.452 

14198 

750 

104.290 

8.090 | 

103.110 

10.830 
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Fe-C-x. — (Continued) 


760 
770 
780 
790 
800 
850 
880 
900 
920 
950 
980 
1000 
1020 
1050 

C + z 


ao 

Agt 


t 


Elec. Fe + additions. — ( Continued ) 

0.54 + 6 


C + x 

0.45 + 6 

a 0 * 

4.24 

1 Q 


950 

Aot 


1.792 

t 

r Pt 

Act 


25 

100 

150 

200 

250 

300 

350 

400 

450 

500 

550 

600 

650 

680 

690 

700 

710 

720 

730 

740 

750 

760 

770 

780 

790 

800 

850 

880 

900 

920 

950 

980 

1000 - 

1020 

1050 


4.09 


109.540 
111.460 
112.960 
113.820 
114.230 
116.360 
117.430 
118.140 
118.850 
119.920 
120.980 
121.690 
122.400 
123. 46_ 

0.63 + 


4.120 

2.980 

1.840 

1.260 

1.210 

1.070 

1.280 

1.280 

1.210 

0.990 

0.780 

0.640 

0.600 


4.20 


900 

0.309 


Pi 


950 

1.806 


A 4 


16.727 
21.617 
25.296 
29 . 029 
33.175 
37.807 
43.474 
49 . 420 
55.640 
62 . 273 
69.050 
76.511 
84 . 322 
89.300 
90.890 
92.614 
94 . 136 
95.794 
97 . 525 
99.460 
108.160 
115.570 
116.940 
117.360 
117.770 
118.190 
120.260 

121.440 
122.130 

122.410 

123.440 

124.410 
125.100 
125.790 
126.760 


-0.169 

+0.500 

0.554 

0.761 

0.347 

0.206 

0.138 

0.137 

0.205 

0.208 

0.273 

0.275 

0.342 

0.344 

0.412 

0.486 

7.534 

14.656 

15.685 

15.620 

8.090 

1.170 

0.210 

0.200 

0.210 

0.140 

0.140 

0.070 

0.090 

0.340 

0.280 

0.210 

0.140 

0.140 


900 

0.239 


950 

1.262 


Pi 

110.570 

112.940 
114.150 

114.940 
115.380 
117.450 
118.460 
119.110 
119.890 
121 040 
122.040 
122.760 
123.470 
124.56 

0.81 + 


A4 

4.090 

2.290 

1.440 

1.080 

1.070 

1.010 

0.930 

1.000 

0.860 

0.740 

0.500 

0.360 

0.220 


8 


3.81 


900 

3.982 


pt 


950 

5.014 


Act 


17.790 
22 . 925 
26.227 
29.840 
33.741 
38.221 
43 . 567 
49 . 637 
55.271 
61.270 
68.060 
75 . 864 
83.740 
88.724 

90.530 
92.050 
93.855 
95 . 370 
97 . 032 
99 057 

107.290 

114.810 

115.530 
115.750 


116. 

118. 

119. 

120 . 
121 . 
122 . 

123 

124 

124 

125 


470 

340 

430 

150 

020 

110 

410 

120 

850 

930 


0.128 

0.051 

0.939 

1.228 

1.734 

1.879 

1.300 

1.155 

1.445 

2.310 

2.457 

1.300 

0.940 

1.010 

1.157 

1.300 

7.875 

17.990 

17.488 

15.823 

8.240 

1.070 

0.860 

1.080 

1.080 

1.230 

1.230 

1.160 

1.010 

0.930 

0.350 

0.220 

0.360 


+ 26 to 100*C. 

t Aq ■ pq' — pq"; pq' (pq") — p for specimen quenched at tg (at 850°) 
t A» m p* — pa; pa (pm) - pi for heating (coolin*,) 



Elec. Fe -f additions.— (Continued) 


C -f x 

0.89 + 9 

1.00 4- 10 


3.68 

3 99 

Iq 




950 

Aat 

1.596 

2.393 

1.797 

2.877 

t 

pt 

Act 

pt 

Act 

25 

19.309 

0.298 

19.091 

-0 377 

100 

24 . 628 

0.414 

24.537 

+ 0.043 

150 

28.835 

0.000 

27.898 

0 919 


32 . 555 

0.429 

31.853 

0.565 


36 . 704 

0.573 

36.162 

0 495 


41.355 

0.788 ‘ 

40.965 

0.212 

350 

47 . 080 

0 714 

46.474 

0.353 

400 

52 . 874 

0.572 

52.125 

0.713 

450 

58 . 670 

0.859 

57.916 

0 494 

500 

65.110 

0.714 

64.131 

0.989 

550 

71.548 

0.715 

70.981 

0.919 

600 

78.776 

1.000 

78.043 

0.497 

050 

86.574 

0.858 

85.954 

0.566 

6S0 

90 940 

1.500 

90 . 756 

0.636 

690 

92 440 

1.502 

92.312 

0.916 

700 

94.017 

1.429 

93 . 864 

0.778 

710 

95.660 

12.160 

95.632 

3.957 

720 

97 . 450 

19.240 

97 . 466 

M.834 

730 

99.310 

18.030 

99 . 305 

17.165 

740 

101.610 

16.160 

101.000 

16.380 

750 

106.250 

11.950 

109.190 

8 690 

760 

117.050 

1.580 

116.530 

1.770 

770 

117.550 

1.436 

116.890 

1 837 

780 

117 986 

1.424 

117.313 

1.837 

800 

118.840 

1.290 

118.230 

1.700 

850 

120.986 

1.224 

120.350 

1.347 

880 

122.277 

0.573 

121.764 

1.126 

900 

123.060 

0 720 

122.470 

1.130 

920 

123.780 

0.714 

123.250 i 

0 987 

950 

124.780 

0.720 

124.450 ! 

0.632 

980 

125.856 

0.714 

125.365 

0.421 

1000 

126.500 

0.710 

126.000 

0 . 285 

1020 

1050 

127.210 

128.356 

0.720 

126.774 

127.830 

0.146 

I C + x 

1.22 + 11 

1.43 + 12 

a 0 * 

3. 

81 

3. 

35 


900 

950 

900 

950 

Agt 

2.615 

4.212 

2.416 

4.046 

t 

pi 

Act 

pt 

Act 

25 

21.011 

0.489 

22.888 

-0.129 

100 

26 . 356 

1.994 

28.611 

-0.126 

150 

32 . 053 

1.069 

32 . 077 

-0.278 

200 

36 . 470 

1.850 

35.547 

+0.070 

250 

40.600 

2.850 

39.714 

0.276 

300 

45.444 

2.849 

44.295 

0.695 

I 350 

50 . 574 

2.849 

49 . 433 

0.972 

400 

55.701 

2.707 

55.404 

+0.696 

450 

61.400 

2.564 

62 . 170 

-0.030 

500 

67 . 668 

2.065 

68.041 

+0.556 

550 

74.078 

2.068 

74 . 638 

0.208 

600 

81.560 

1.922 

81.790 

0.136 

650 

89.750 

1.424 

89.564 

0.208 

680 

94.310 

1.636 

94.284 

0.836 

690 

95 . 878 

1.850 

95.812 

0.832 

700 

97.300 

2.280 

97.410 

0.832 

710 

98.890 

15.790 

98 . 943 

0.479 

720 

100 . 435 

17.305 

100.530 

9.860 

1 730 

102.214 

16.240 

102.614 

14.859 
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Fe-C-x. — ( Continued ) 

Elec. Fe -f additions. — ( Continued ) 


C + x 

1.22+11 

1.43 + 12 

<*o* 

3.81 

3.35 



950 



Agf 

2 615 

4.212 ; 

2 410 

4 046 

t 

pt 

1 M 

Pi 

A4 

740 

104.138 

14.818 

104.280 


750 

113 968 

5.412 

109 . 620 

8.893 

760 

118.170 

1 640 

117.888 


770 

118.454 

1.713 

118.235 

1.115 

780 

118.880 

1.710 

118 724 


790 

119.380 

1.709 

119 350 


800 

119 876 

1.640 

119.900 

0.700 

840 

121 730 

0.853 



850 

122.156 

1.284 

122.056 

0.484 

860 

122 510 

1.430 



870 

122.730 

1 570 



880 

123.154 

1.496 

123 377 

0.273 


123.869 

1.351 

124 140 

0.345 

920 

124.580 

1.417 

124.970 

0.210 

950 

125.579 

1.281 

126.220 

0.070 

960 



126.500 

0 064 

970 



126.847 

0 071 

980 

126 . 786 

0.858 

127.120 

0.140 


127.570 

0.710 

127.680 

0.140 

1020 

128.427 

. 0 500 

128 235 

0.138 

1050 

129 635 


129 070 



C + x 

1.54 + 13 

C+x 

1.54 + 13 

a 0 * 

3. 

43 

a 0 * 

3 

43 



950 

tQ 

900 

950 

A<jt 


5.319 

A<jt 

4.406 

5.319 

/ 

pi 

Act 

i 

pi 

Act 

26 

21.550 

-0.073 

760 

119.860 

2.366 

100 

27.120 

-0.146 

770 

120.220 

2 434 

160 

30.664 

+0.286 

780 

120.575 

2.505 


34.318 

0.932 

a 

800 

121.578 

2.-582 


38.043 

2.149 

850 

123.946 

2.854 


43.058 

1.719 

880 

125.380 

2.861 


48.649 

1.931 

900 

126.450 

2.800 


64.449 

1.647 


127 . 070 

2.724 


60.540 

1.790 


129.250 

2.215 


66.700 

1.720 

960 

129.760 

2.074 


73.650 

1.720 

970 

130.173 

2.003 


81.171 

1.937 


130.680 

1.860 


88.982 

2.004 


131.181 

1.719 


93.710 

2.364 

1000 

131.609 

1.791 


95.146 

2.791 

1010 

131.900 

1.715 


96.646 

4.014 

1020 

132.186 

1.645 


98 . 225 

16.407 

1030 

132.540 

1.480 


99.942 

20.350 

1040 

132.975 

1 . 125 


101.736 

19.129 

1060 

133.050 

1.250 


103.740 

17.624 

1080 

133.900 



107 . 107 

14 687 

1100 

134.600 



•26 to 1 


II 


•c. 


t Aq • pQf — pQ"; fiQf (pq") - 0 tor specimen quenched at <q (at 860*). 
t X — — pa; 0 tk (ptj • pi tor he* tin# (cooling). 


Fe-C-x. — (Conl'il) 


C (262) 

! 

Pto 

0.05 

14 

12.09 

0.12 

14 

• 12.80 

0.22 

14 

13.94 

0.43 

14 

14.78 

0.50 

14 

15 66 

0.58 

16 

16.44 

0.63 

16 

1 16.06 

0.78 

15 

17 11 

0.86 

16 

17 79 

0.97 

16 

18.26 

1.09 

16 

IS. 62 

1.33 

16 

18.84 

1.40 

16 

18.98 

1.52 

16 

19.42 

1.49 

16 

19.79 

1.65 

16 

20 63 

1.64 1 

16 1 

19 87 


* See p. 17.'». 


C(93) 


Pm 


a 0 


0.105 

17 

10.11 

5.4 

0.57 

18 

16.4 

3.5 

0.99 

19 

16.35 

3.9 

1.50 

20 

18.15 

3.3 


Euteetoid ( 206 ) 

0.85 

21 

20.25* 



• Air-cooled; furnace-cooled, p 
19.3 to 19.6. 

Effect of drawing to wire 
(13, 14, 68) 


C 

PA 

PD 

Lit. 

0.028* 

10.6 

10.47 

(13, 14) 

0.35f 

22.0 

21.6 

(68) 

0.79t 

21.7 

20.9 

(68) 


• Pure commercial iron, 0.028C, 
0.07Si, 0.009(S + P); t - 18°. an - 
6 tor 0 to 150*0. 

t Initial diameter * 6 mm, drawn 
to 1.6 mm. For unannealed; po — 
25.2, po - 20.8 if C - 0.35; and po - 
27.0, pd - 21.0 if C - 0.79. 

Fe-Co, Tp.oo ( 4 «) 


Co 

p 

0.32 

14.4 

0.58 

15.6 

1.035 

12.5 

2.0 • 

13.5 

3.0 

14.3* 

4.055 

15.4 

6.02 

18.3 


iectrolytic Fe; F ( so °) 


0 

34. 0f 
0 

34. 6t 
34. 6f 


too 


1100 


9.9 

9.4 

9.86 

9.94 

9.8s 


•*Hm " 14.7; for Tpimo, p - 11.7. 
t FetCo. 


Fe-Co.— 

-(Continiu-'l) 

Co 

\ P 

(200) J 


12.0 


16.3 


20 0 



100 

| 9.7 

Fe-Co- 

■x* O* 4 ) 

Co 

p 

0 

- 16.62 

5 

21.94 

10 

24.76 

15 

25.26 

20 

23.53 

30 

16.45 

40 

13.48 

50 

11.24 

70 

9.21 

80 

13.37 

90 

16.37 

100 

8.59 


• Impurities in Fe =» 0.31}ln, 
0.283Cu, O.llSi, 0.030P, 0.026S, 

0.0‘JC; in Co - 1.4Fe, l.INi, 0.14Si, 
0.24C. 

Fe-Co-Mn-Si-C (12, 13) 
t = 18°C; t A = 1000°C 


Co 

Mn 

Si 

C 

PA 

PO 

1.8 

1.0 

0.64 

0.25 

23.2 

27.3 

7.0 

0.8 

0.80 

0.52, 

30.7 

33.6 


Fe-Cr; at 18°C, 6, = 10, 6, 
11.5, = 14 (9) 

Tp,oo ( 46 ) 


Cr 

p 

3.27 

26.7 

6.00 

37.5* 

6.68 

39.7 

8.83 

46.8 

13.01 

46.0 

16.57 

50.0 


*PHm • 

52.6; for Tpiooo, p - 64.4. 

Cr 

PIO 

a,o 


(138) , 

t 

0 

9.96 

4.80 

9.1 

41.1 

2 33 

13.0 

41.2 

2.33 

16.7 

62.1 

2.47 

20.0 

43.7 

2.30 


(200) 


0 

12.0 


10 

54.0 


20 

60.0 


22 

A 

60 


24 

57.8 


30 

55.9 


Cimet ( 6S ) 

Cr 

Pit 

Pi 100 

25 

17.3 

45 

25 

43.9 

114.2 


Fe-Cr-Al-C; v. Fe-Al-Cr-C 
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t 


Fe-Cr-Al-Cu ( 46 ) 


Cr 

A1 

Cu 

pHm 

8.7 

1 

| 1 

35.6 


Fe-Cr-C (»■*) 


Cr 

C 

PA 

2.00 

0.90 

21.93 

9.50 

1.09 

34.63 


Chrome steel, f 219 ); cf. ( 27 ) 


Cr | 

C 

PQ* 

PO 


0.06 

18 0 

16.3 

2.66 

0.28 

31.0 

29.7 


0.21 

35 0 

33.2 

7.84 

0.07 

53.0 

50.9 


0.15 

50.8 

49.7 

13 36 

0.17 

06.6 

60.0 

14 52 

0 38 

69.7 

62.9 

16.71 

0.15 

68.1 

64.7 


0.21 

57.7 

56.0 

25.31 

0.24 

60.2 

57.5 

31.75 

0.46 

66.3 

63.7 

* tQ - 980°C; t - 

12 to 17°C. 

Cr 

C 

PQ* 

| PO 

0.62 

0.86 

43.5 

23.1 

0.99 

0.97 

50.2 

25.8 

2.14 

0.89 

54.0 

27.8 

4 57 

0 79 

56.3 

29.4 

7.28 

0.84 

62.2 

39.1 

9.38 

0 75 

66.5 

56.4 

13.94 

0.70 

72.5 

65.4 

14 54 

0.74 

73.1 . 

66.2 

18.65 

0.90 

68.3 

60.7 

26.54 

0.82 

68.4 

67.1 

32.46 

0.92 

67.5 

66.3 

36.34 

0.83 

68.5 

65.1 

40.03 

[ 0.80 

73.5 

71.5 


• lQ - «80°C; I - 15 to 20°C. 


0.6% C; cylindere 20 cm long, 
5 mm diarn. ( 179 ) 


Cr 

PA* 

pgt 

0 

20.7 

20.7 

0.5 

22.0 

22.4 

1 

21.9 

22 8 

2 

21.1 

22.9 

3 

25.6 

35.5 

5 

32.3 

44.8 

10 

45 4 

51.3 

15 

46.5 

60.2 

20 

51.6 

63.7 


* <A - 900°C. t tQ - 1 ioo°c. 


18°C >3) 


Cr 

C 

pa’ 

PO 

2.0 

0.90 

24.2 


3 25 

0.43 

24.9 

35.55 

9.50 

1.09 

38.2 , 

43.45 


* *A - 1000°C; t - 18°C. 


0.29 

1.18 

6.19 

9.18 

1.12 


0°C (118, 176) 



0.16 
0.27 
0 77 
0.71 
0.54 


22.34 
33.51 
20.12 
23 15 
19 78 


19.17 

33.05 

22.34 

24.01 


17. 15|32 


19 

57 

40 

28 
































































































-Mn 


♦f-r* - iooo°c. 

t Alloy® bo marked contain 0.3 % V 


Cr 


0.75 


Steel: t = 1 H°C; < A = 1000°C (12, 13) 


W 


2.0 0.25 I 17.9 


PA 


17 9 


po 

22.5 



Fe-Cu; r. also Cu-Fe; 5 


Cu 


Tp^oO 


12.2 

12.0 

13.6 

13.6 

14.7 
17.0 

13.4 

12.7 

12.5 

12.7 

15.8 
3.92 


= — 0.18 (! 4e ); both electrolytic ( 45 » 46 ) 


Cu 


Cu 


Hrn 


1000 


94.34 


0.5 
1.0 
1.0 
2.0 
3 0 
3 5 

4.0 

5.0 
90.0 
90 
98 


14.0 

11.4 

16.4 

15.6 

15.5 

14.7 

13.6 

15.7 
5.09 
5.53 
4.46 


0.5 

1.0 

1.0 



3.0 


4.0 

5.0 


12.2 

11.8 

13.2 

11.2 

9.5 

12.4 

8.6 

12.5 
12.8 


Fe-Cu-(A1, As, Mn, Si) (««) 


Cu 


1.0 

2.0 

3.0 

5.0 

5.0 

6.0 

3.0 

5.0 
0.5 
0.5 

1.0 
1.0 
2 0 
3.0 

3.0 

5.0 

5 

6 

6 . 6 ' 


• <a - iooo°c 


A1 


.5 
.5 
1.0 
1.0 
1.0 
1.0 


As 



Cu 

A1 

1.59 


2.50 


2.87 


1 3.75 

1.0 


• 1.0 

1.0 

0.25 
0.5 
0.5 
1.0 
1.0 
0.5 
1.0 
1.0 
2 
1 

6.67 


Steels (1»); 18°C 


Mn C 


0.36 0.68 


Pa 


14.5 

8.0 

18.1 

17.6 

17.6 

15.1 

19.6 

13.1 
21.8 
18.3 

19.2 

22.2 

8.1 

17.8 

22.6 
26.5 

22.8 
16.7 


PHtn 

18.8 

18.5 
21.8 
20 0 
19.9 

19.8 
22.1 

20.5 

17.0 

22.0 

21.7 

22.9 

24.8 
20.2 
25.3 
25.3 


23.4 


po 


19.8 I 13.92 
.55 
.15 


04 21 


«ot 


4.18 

4.57 

3.66 

2.80 


Fe-Cu-y/-Cr-C; v. 
Fe-W-Cu-Cr-C 


Fe-Mn; 6, = 6.27 (U«); at 
18°C, 5, = 16, 6, = 18, 6 s = 

24.5 (9). 

S = 0 to 0.028; C = 0 to 0.003 

(30®) 


Mn 


A >60 , vac ( 30 *) 


Mn 


3.5 

6.0 

8.0 

10.0 


1000 


( 46 ) 


30.6 

40.0 

53.0 
55.8 


Tp.oo (<«) 



10.19 

10.4 
10.7 
10.81* 
11.04* 
11.55* 
12 . 2 ^ 
13.42 

15.04 


0.505 

16.1 

4.514 

• 

30.1 

10.419 

55.3 

Hm (*«) 

3.5 

30.2 

6.0 

40.8 

8.0 

49.1 

10.0 

54.8 


Drawn and annealed (**•) 


9.1 

46.8 

13.04 

58 

16.67 

61 


A »u. 


1000 


(46) 



18.4 
24.8 

28.4 


Mn (76) 
12 


Po 

67.148 


Aioo 

1.27 


Mn 


0.50 

1.00 



4.00 
4.76 
5.15 
5.40 
13 00 
15 20 


Mn 


1.00 

3.81 

7.00 

10.10 




Fe-Mn-C ('2, *3, 14) 

For Hadfield’s Mn-steel, v. Fe-Mn-Si-C-(P, S) 


C PA ^ 


14.46 13.09 

23.57 21.34 i 

0.41 | 29.18 

0.08f 29.67 

0.36 28.69 25.98 

0.36 29.38 

0.32 37.41 

0.15 33.74 30.52 

0.26 61.50 55.6 

0.15 64.94 58.9 


po 


14.96 

24.94 

31.86 

31.29 

33.74 

38.23 

,46.50 

46.51 

63.70 

67.00 


C 


*.75 
|.78 
_ .20 
0. 16$ 




PA 


26.88 
44.12 
58.74 
63 72 


Mn 


11.50 



18.50 


C 


1.66 

1.23 

1.50 

1.54 


61.50 

63.60 

66.18 

69.0 



2.7 
3.6 

6.4 

6.8 

7.4 
10 

18.0 
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Fe-Mn-C-(P, S, Si). — {Continued) 

Si -O.OSi- A P = 0.01 to 0.024, S = 0.01 to 0.025; 0.8 to 0.9 %C 

(27) 


Mn 

1 P1B | 

Mn 

Pis 1 

| Mn 

Pi* 


27.9 

3 084 

40.3 

10.08 

70.2 

IRmI 

31.0 

5.112 

51.8 

12.096 

71.2 

1 . 972 1 

38 . 4 

7.2 

63.5 

1 




9SES9E9EESEQ 

Mu 

1 0 

Pis 

Mn 

c 

Pis 

0.05 

! '>.15 

11.6* 

0.40 

0.57 

17.5 

0.40 

0.09 

13.4 

0.40 

0.92 

18 6 

0.40 

0.29 

15.7 





Puddled iron. 


Mn 

1 Si 

C 

P 1 7 (**) 

0 

1 0.08 

0.14 

13.4 

0.10 

| 0.10 


1 6.1 

0 14 

: 0.12 

1.23 

19.1 

0.18 

1 0.20 

i 


17.2 

0 25 

1 0.06 

0.83 

16.7 

0.32 

0.17 

0.85 

17 9 

0.32 j 

0.17 

1.09 

17.6 


0°C (»76) 


Mn 

f Si 

i C 

PA 

PQ 

0.14 

tr. 

0.39 

11.34 

12.66 

0.30 


0.49 


14.47 

0.42 

■119 

0.43 

msstu 

15.43 

0.64 

0.031 

0.37 

16.18 

19.11 

0.74 

0.044 

0.48 

16.93 

21.80 

1.36 

0.167 | 

0.47 

20.44 

28.80 



Mn-steel ( 274 ) 
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Fe-Mn-Cu-C (**, 13); 18°C 

~ Mn 1 Cu | C j p A * 1 

2 0 1 75 0.25 25 2 

_ 8 0 2 75 0 64 51 8 

*<a - iooo°c. ' — J — 

Fe-Mn-Mo-Ni-Si ( «?) 

Mn I Mo | Ni | Si | \ 

~'. 12 ! 6 1 2 j 0.8 I 67.1 | 

*iTp - ioqp°c. 

Fe-Mn-Ni; v. Fe-Ni-Mn 

Fe-Mn-Ni-Cr-Mo-C; v. Fe-Cr-Mn-Ni-Mo-C 


PO 

29.5 

71.4 


PHm 

68.5 


Fe-Mn-P- 

~ Mn 

0.00 

0.00 

tr. 

0.10 

0.12 

0.15 

0.09 

0.13 

0.11 

0.32 

0.29 

0.28- 

0.27 

0.33 

.. 0.40 

0.47 

0.49 

0.59 

0.69 

1.22 

1 1*7 


(C, Si, S) 
Si-C-(P, 

~| P 

0.019 

0.022 

0.044 

0.023 

0.109 

0.116 

0.118 

0.128 

0.157 

0.043 

0.048 

0.058 

0.063 

0.063 

0.115 

0.085 

0.141 

0.101 

0.096 

0.101 
a t 


wire (287) ; 

S), Fe-Si-Mn- 

~i si r 

0.07 
0.01 
0.00 
0.01 
0.08 
0.10 
0.16 
0.08 
0.07 
0.00 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 


f\ A 1 


Fe-Mn- 
C-(S, P), 

~S I 
tr. 

0.00 
tr. 

0.01 
0.01 
0.01 
0 05 
0.01 
0.01 
0.00 
0.06 
0.06 
0.05 
0.05 
0.06 
0.03 
0.08 
0.04 
0.02 
0 01 
~ ~2 


C-(P, S, Si) 

Fe-C-(z) 

~ C | 

0.02 
0.02 
0.02 
0.14 
0.13 
0.09 
Oil 
0.04 
0.06 
0.03 
0.01 
0.03 
0.03 
0.02 
0.03 
0.08 
0.01 
0.05 
0.08 
0.16 


, Fe-Mn- 


p . 

9.30 

9.69 

9.44 

9.55 

12.10 

1151 

10.81 

11.74 

11.80 

10.19 

10.69 
10.96 
10.45 
10.49 
12.38 
14.56 
10.09 
13.34 
14.32 

16.70 


Fe-Mn-Si-C-(P, S); cf. Fe-Mn-C-(P, S, Si), Fe-Mn-P-(C, Si, S), 

Fe-Si-Mn-C-(S, P), Fe-C-x 

Square bare, 20 cm long, 1 cm side; t K » 600°C (*65, 166 ) 


Mn 


0 

0 

0.13 

0.15 

0.24 

0.24 

0.21 

0.14 

0.13 

0.24 

0.83 

0.95 

1.8 

13 

0.321 

0.431 

0.412 

0.422 

0.409 

0.449 


Si 


0 

0 

0.05 
0.08 
0.05 
0.13 
0.11 
0.09 
0.08 
0.1 
0.2 
0.1 
0 9 
0.3 


C 

0 

6.68 

0.06 

0.20 

0.49 

0.84 

1.21 

1.40 

1.61 

0.9 

1.2 

0.9 

1.2 

1 


PA 

9.5* 

45f 

10.0 

12.5 

14.0 

16.0 
18 0 

18.4 

19.0 
17.8 

24.5 

22.0 

40.0 

80.01 


PTp 


Fagersta steels (**); 0.026% P; t = 20°C 

I _ _ _ _ ■ ■ 


0.009 

0.019 

0.040 

0.078 

0.308 

0.303 


0.16 
0.23 
0.33 
0 38 


12.59 
13 74 
14.67 


13.6 

15.4 

17.2 


Mn 

tr. 

0.036 

0.18 

0.10 

0.25 

0.18 

0.32 

0.32 

0.14 

0.58 

0.58 

0.62 

10.08 

2.00 

p - 0.004, 8 


Fe-Mn-Si-C-fP, S). — (Continued) 
*a = 1000°C, t = 18°C (**); C J. (*3) 


Si 

0.07 
0 14 
0 02 
0.08 
0.10 
0.06 
0.20 
0 17 
0.17 
0.12 
0.49 
0.49 
0.46 
0.63- 
4.25 


C 

0.028 
0.03 
0.05 
0.14 
0.78 
0.83 
0.84 
0.85 
1 09 
1.23 
0.58 
1.00 
1.25 
0.16 
0.40 


10 . 2 * 
10 9f 
11. 3J 

13.0 
14 6 

15.2 

16.1 
16.4 

16.2 

17.6 

20.7 
23.3 
23.6 
61.1 


4.^5 | Q40 | 68.4 | 

0.005. t P - 0.065, & - 0.010. t P - 0 013, 


PO 


10.5* 
11 . If 
11. 5J 

13.4 
16.1 
16 7 
17.2 
17.9 

17.6 

19.1 
23 1 

25.2 

26.6 

65.5 
73.8 


Mn 

0 43 
0 35 
0 57 
0.47 
0 25 


Si 

0.24 
0.02 
0 33 
0 13 

(?) 


t 5 900°C (208) 

1 c J 
0.08 
0.11 
0.22 
0.37 
1.05 



ar»oo 


1.33 
1.33 
.43 
.38 
0.40 


Mn 

1.83 

2.20 


Si 

0.882 

0.984 


t *> 800°C ( 25 ) 

C 

1.183 

1.941 


P 800 

110 9 
111.3 


1^800 


2 . 2 ! 
3 3 




0.13 

0.29 

0.29 

0.35 

0.44 

0.41 

0.44 

0.54 



Gysinge steels, t = 


Si 


0.03 
0.12 
0.08 0.013 

0.65 0.015 

0.86 0.014 

0.28 0.014 

0.30 0.014 

0.26 0.014 


15-18°C, l T p = 800°C (*o, *2) 


S 


0.005 

0.02 

0.03 

0.02 

0.02 

0.015 

0.01 

0.015 


C 


0.08 

1.50 

1.70 

0.45 

0.55 

0.90 

1.20 

1.35 


PA 


10.5 

17.9 
17.7 

23.9 

27.6 

.2 


PTp 


10.9 

50.6 



42.1 

44.4 


t = 0°C; quenched in oil ( 50 > **•) 


Mn 


0.016 

4.73 
7.97 

8.74 
12.36 
1 1 ; 57 



0.005 0.018 1.184 
0.078 0.023 0.674 
0.128 tr. 4.510 
0.0941 0.072 0.024 1.298 


0.608 
0.5021 0.128 


15.88 
39.28 
4.510 105.20* 
1.298 63.16 


12.36 0.204 0.070 0.038 l\005 

ll. ; 57 0.25 0.055 0.026 0.133 51.93 

11.57 0.25 0 055 0.023 1.150 53.85 


36.47 

55.56 

• 

70.66 

57 . 77 f 

68.57 


53.68 

69 . 93 
65.54. 


0.62 

20.82 

30.6 

t 

pt 

0.95 

21.11 

38.6 

-197.1- 

55.414 

Fe,C. 

t When magnetised, p\ 

- 66. 

-106.1 

60.042 


• SpieRoleisen. 

t Aft«r dec&rbonitation erf the following specimen. 

Hadfield’s 12% Mn steel; an = 


t pi 


1.27 («3) 




9 175.294 
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Fe-Ni 

For nickel steels and named 
alloys containing mainly Fe 
and Ni, see Fe-Ni-C. 

6, = 1.46 (*); at 18°C, a, = 7, 
S 3 = 9, =* 13; Tp.oo ( 45 » 

46 , 193 ) 


Ni 

p 

0 

12.1 

0.27 

13.1 

0.56 

15.4 

1.07 

16.9 

1.93 

16.4 

7.05 

26.9 

8.17 

26.7 

10.20 

28.6 

11.29 

29.4 

12.07 

30.3 

13.11* 

34.8 

19.21 

36.2 

22.11 

38.7 

25.20 

63.2 

26.40 

65.5 

28.42 

82.0 

35.09 

81.1 

47.08 

44.7 

75.06 

22.1 

100.00 

12.4 


• +0.89 % C. 


Ni (™) 

Po 

a 

95 

29.45 

2.01 

Ni (*«) 

pj o 

Aioo 

4.0 

20.9 

2.0 

7.0 

25.2 

2.3 

13.0 

33.0 

1.8 

14.0 

33.9 

1.6 

18.0 

35.9 

0.84 

21.0 

38.8 

1.8 

22.11 

40.0 

1.8 

26.40 

35.9 

1.6 

35.09 

92.0 

1.1 

40.0 

74.1 

2.2 

47,08 

47.5 

3.6 

90.0 

15.5 

3.4 


Electrolytic;* <a = 902 to 


1064°C, vac (301) 


Ni 

PA 

0.50f 

11.5 

1.01 

12.7 

1 . 48f 

13.8 

1.96f 

14.9 

2.44f 

16.1 

2.84 

17.1 

3.85f 

19.4 

4.62 

20.3 

5.67 

22.0 

7.33 

24.8 

8. 00f 

25.2 

9.01 

27.1 

14.92 

29.8 

15 

30* 

30 

82$ 

34.81 

80.4 


Fe-Ni .—(CorU’d) 


Ni 

PA 

(200) 

0 

12 

17 

38.2 

29 

79.5 

34 

80.3- 

81 

23.9 

93 

18.1 

98 

11.9 

100 

11.8 

(23 8 )|| 

0 

. 12 

5 

29 

10 

31 

15 

39 

20 

39 

25 

40 

30 

87 

35 

94 

40 

81 

45 

48 

50 

43 

55 

41 

60 

30 

65 

27 

70 

27 

75 

19 

80 

18 

85 

20 

90 

22 

95 

19 

100 

9 


* Irapuritie* in Fe - 0.005A1, tr. 
(Cu, Mn, P, 8i), 0.003S, 0.014C; 
in Ni - 0 260Fe, tr. Mn, 0.001 P, 
0.0068, 0.04 OSi, 0.030C. Amount of 
Ni in alloy determined by analysts^ 
ezoepting thoee marked " f.” 

t Amount of Ni added to the Fe. 
t Unchanged by precooling to 
- 70°C. 

f After precooling to — 70 9 C, pn~ 
38; to - 185°, p» - 32. 

U Impurities in Fe - 0.03Cu, 0.06- 
Mn, 0.01 P, 0.018, 0.018i, 0.08C. 


( 105 , 193 ) 


Ni 

1000A, 

22.0* 

784 - 0. 13* 

26.2 

844 +0.01< 

28.7 

700 - 0.20* 

30.8 

897 - 0 . 43* 

35.0 

1561 - 1.69* 

35.7 

1161 - 1.68* 

• +3 % Cr. 


0 to 370°C (2 > 4 ) 

Ni po 

a a 

25 76.2 

| 1.15 -0.59 


10“ l0 3tr H (ptr — p) + p; 

10"*$h (ph — p) + p < 274 ); 
Per = value of p when longi- 
tudinal traction is 1 g cm"*; ph 
= value of p when longitudinal 
magnetizing force is 1 cgsm 
unit. 



F e -Ni-C. — (Cord'd) 




0.34 %C 
87.28 
91.23 
92.37 
93.68 
94.82 

95.70 

90.70 
97.04 

98.90 

99.91 
101.2 
101.8 

102.5 

103.3 

104.1 

104.6 

105.2 
100.1 

.107.1 

107.6 

108.4 

109.1 

109.7 

110.1 

110.5 

109.3 

108.4 

107.0 
100.9 

106.3 

105.0 

104.4 

103.7 

102.5 

101.4 

100.5 
99.53 
98.21 
97.27 
90.32 

95.00 
93.87 
92.37 

90.07 
81.81 


35.25 % Ni; 0.33 % O 

16 

81.87 

90 

88.09 

124 

89.79 

169 

92.33 

207 

94.31 

243 

95.59 

275 

90.80 

310 

97.85 

840 

98.98 

370 

99.97 

423 

101.1 














RESISTIVITY OF ALLOYS: Fb-Ni 


185 


Fe-Ni-C. — (Coni’ d) 


t 


35 25% Ni; 0.33% C 


463 

101.2 

467 

100.7 

467 

98:i3f 

516 

99.26 

516 

98.84$ 

671 

99.69 

527 

98.70 

500 

97.71 

462 

96.86 

454 

96.86 

441 

96.86 

422 

96.58 

369 

95.16 

•For Ni-eteel, 

30% Ni, P - 85; 

a - 0.8‘if 20° < t 

< 100° (W«). 

t Constant after 76 min. 

t Constant after 20 min. 


Ni-eteel (*i » )\ cf. 
< _^_20 to 2l°C; Jq = 
Ni 


(27) 

975°C 


PN 


2.23 

5.23 
7.13 

10.10 

12.07 

15.17 

20.40 

25.85 

30.00 


PQ 




20.0 

22.4 

25.8 
28.6 
30.1 

32.5 

33.3 

37.8 

82.4 

19.3 

24.9 
27.8 

32.0 

35.0 

43.1 

73.2 

82.6 

36.6 

46.2 


Fe-Ni-C. — (Coni’ d) 


Ni , 

C 

PA 

PO 

| PQ 

1.07 

0.072 

13.17 

14.02 

12.97 

3.37 

0.163 

18.59 

20.69 

18.48 

5.35 

0.199 

22.35 

23.18 

25.62 

5.85 

0.199 

22.28* 

22.96 



Effect of chilling ( 123 ); t A = 
900°C; p e = p A after cooling 
in liquid air 


85.4 


p /. annealed from 

<"*** m 4 *<> 6 hr; for p* 
‘ r ° m 13009 C. cooling , n 3 


85.4 

P/ 

30.6 

31.0 

33.6 

30.7 

40.0 

45.7 
36 0 

49.0 


iooo°c, 

annealed 

daya. 


Ni 

PA 

Pc 

0 

19.85 

19.85 

4.6 

27.6 

27.5 

9.2 

35.6 

36.2 

13.8 

37.75 

39.05 

18.5 

45.05 

41.3 

21.2 

49.7 

44.85 

23.6 

54.9 

42.9 

25.8* 

69.0 

38.75 

27.7 

93.4 

41.65 

29.1 

98.0 

42.55 

30.5 

92.6 

51.3 

32.8 

99.0 

99.0 

36.9 

80.0 


55.4 

39.05 


73.8 

27.4 


83 0 

21.8 


92.3 

+ WVv OR 

20.0 



— re: mag- 

netisable form, p - 62, a = 1.32 at 

20°, a - 4.0 just below 600°, a < 1.32 
above 600°; nonmagnetisable iorm 
p - 72 (>*•). 


Had field's 4.35% Ni-eteel (•») 


t 

pt 

-197.1 

19.468 

-106.1 

23 . 750 

- 81.9 

24.897 

0 

29.452 

+ 0 95 

29.515 

16.15 

30.402 

91.15 

35.186 


an 


37.0 

50.2 

Cx 

Climax 

40.2 

51.7 

FN 

Ferronickel 

49.0 

55.2 

Ir 

Invar 

71.0 

70.6 


Kruppin, v. Vn 

74.8 

70.8 

Pe 

Platinite 

80.4 

79.1 

Vn 

Vestalin 



P | a 

Cx,* FN (65, 66, 175)- 20°C 

25 I 80-83 | 0.8-0.98 
Vn ( 160 ) 

83-85 |0.7-1.3 
Ir; 0°C 

75 | 2.0 

Pe; 0°C 

45 I 3 


28 


36 


46-48 

FeNi, 51.4% Ni (135) 

0.67 
2.1 



Fe-Ni-Cr (135) ; N|_c r 

(Fe, Mn) and Ni-Cr-Fe 


Ni 

Pao 

| ato 

0 

9.1% Cr 
41.13 

2.23 

22.7 

74.39 

0.84 

45.45 

95.94 

0.56 

68.2 

93.45 

0.40 

90.9 

67.80 

0.37 


13.04% Cr 

0 

1 41.16 

2.33 

21.76 

76.88 

1.05 

43.48 

90.40 

0.59 

65.2 

101.30 

0.21 

86.96 j 

84.10 

0.20 

0 

16.7% Cr 
52.07 

2.47 

20.8 

79.35 

0.91 

41.6 

103.67 

0.34 

50 

105.38 

0.23 

62.5 

108 . 04 

0,21 

83.3 

96.90 

0.12 


Fe-Ni-Cr. — (Coni’ d) 


Ni 

1 P 20 

1 at o 

0 

20 % Cr 
43.68 

2.30 

20 

82 . 36 

0.90 

40 

97.01 

0.38 

60 

106.46 

0.24 

80 

99.79 

0.14 


*Tp = 1000°C (46) 


Ni 

F Cr 

r ^td 

* 

1 PH no 

8 

10 

67.3 

68.4 

10 

2 

45.8 

44.9 

10 

5 

59.4 

55.7 

10 

7 

67.3 

64.4 

10 

10 

33.2 

66. 9 

12 

k _ _ _ 

10 

62.5 

99.6 


175 ); v. also Fe-Ni-Cr-Mn- 
(P^S, Si, C) 

Cr 



Comet (65) 

5 I 95 ft 


Fe-Ni-Cr-C, Steel ( 12 , 13). ig°Q 




Ni 

Cr 

C 

p 

10 

1 10 1 

1 

f 69.7* , 


7 

62 


18 

12 


* Tpiooo; PHm " 

73.8. 

Fe-N; 

Ni 

F Cr 

2 

25 

15 

15 

16 

23 

18 

15 

22 

4 

29 

4 

35 

10 

39 

16 

49 

10 

56 

19 

60 

10 

66. 

19 


70 

100 


1 

0.2 


(46; 

(148) 


Mn 

~3 
6 
2 
3 
3 
2 
6 
3 
6 
6 
6 
5 


86.5 

78.6 

85.7 
84.2 
75.1 

83.0 

99.0 
111 0 
1110 
110.0 

91.0 
105.0 


Alloy 


No. 4 (134) ; f or No ^ ^ Ni . Cr _ Fe 
Ni, 27.62; C r, 21.10; Mn, 0.85 



20 

300 

400 

500 

600 


103.45 

700 

115.9 

800 

119.4 

900 

122.3 

1000 

125.0 



127.0 

129.0 

131.0 

132.85 
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Fe-Ni-Cr-Mn-(P, S, Si, C) 

Ni, 1.50; Cr, 0.57; Mn, 0.486; Si, 0.162; P, 0.012; t - 25°C, 
tQ = 940°C; before (after) decarbonization ( 50 ) 


s 

C 1 

PA 

| PQ 


0.026 ! 

0 . 354 

22.33 

26.63 

Before 

0.014 

0.017 

21.82 

21.92 

After 


Alloy No. 193 (Driver-Hams); v. also Fe-Ni-Cr; Ni, 30; Cr, 2; 

Mn, 1; C, 0.22 (134) 


t 

p (« s ) 

p ( 134 ) 

t 

p ( 6S ) 

p(134) 

20 

91.4 

95 5 

500 

■ W' 

136.10 

100 

97.3 

104.35 

600 


140.50 

200 

102.4 

114.45 

700 


143.6 

300 

105 9 

123.75 

800 


146.9 

400 

110.7 

130.35 

900 

131.4 

151.4 


Fe-Ni-Cr-Mn-Mo-C; v. Fe-Cr-Mn-Ni-Mo-C 


Fe-Ni-Cr-Si (46) 


Ni 

Cr 

Si 

PTp* 

PHm 

10 

10 

1 

70.9 

74.2 

10 

10 

2 

76.2 

78.8 

20 

10 

2 

91.8 ! 

93.0 


* tr v - iooo°C. 

Fe-Ni-Cu-C-(Mn); 18°C (»*, *3) 


Ni Cu 

Mn 

C 

PA* 

PO 

5 75 

2.75 


0.18 

38.2 : 

40.0 

2.9 

2.9 

1.5 


24.9 

32.7 

14.44 

2.25 

5.90 

0.81 

80.0 



* t A = iooo°c. 


Fe-Ni-Mn; 20°C O* 5 ) 


Ni 

9.1% Mn 


Ni | 

16.7% Mn 


0 

24.7 

45.45 


46.8 

88.0 

94.7 


13.04% Mn 


0 

21.76 

43.48 

65.2 

86.96 


58.0 

88.6 

98.3 

88.3 
41.6 


16.7% Mn 


0 

20.8 


61.0 

88.6 


41.6 

62.5 

83.3 

117 

105 

51.2 

Ni 

Mn 

P( 200) 

20 

20 

94.5 

36 


9 

103.0 

36 

11 

103.0 

44 


6 

87.0 

45 


4 

93.5 

59 


7 

85.5 

65 


2 1 

54.1 


Fe-Ni-Mn-Al-C; 18°C (»*, **) 


Ni 

Mn 1 

A1 1 

C 

PA* 

PO 

14 1 

5.3 

2.3 

0.43 

47.8 : 

88.7 


*< A - iooo°C. 



Fe-Ni-Mn-C, 

Annealed ( 14 ) 


Ni 

Mn 

C 

p 

0 

tr. 

0.03 

9.46 

0.58 

0.18 

0.26 

16.22 

1.92 

0.72 

0.14 

18.58 

3.82 

0.65 

0.19 

21.63 

19.64 

0.93 

0.19 

35.4 

31.40 

0.82 

0.70 

77.9 

14.55 

5.04 • 

0.80 

76.1 

25.00 

5.04 

0.60 

80.7 


Ni <*6) 

Mn 

C 

PTp 

PHm 

5 

2 

0.6 

44.0 

35.6 

10 

1 

0.5 


32.4 









































































RESISTIVITY OF ALLOYS: Fe-Ni TO Fe-Si 


1*7 


Fe-Ni-Mn-Si-C. — ( Continued ) 
Steel (50); t = 25°C; !q = 940°C 


Ni 


1/1000%; after decarbonization 


Mn 


Si 


2:80 

3.43 

5.00 

6.00 


PA 


PQ 


677 

660 

493 

580 


231 

226 

267 

450 


38 

27 

10 

30 


20 

28 

17 

40 



36 
20 
15 
180 


25.40 

25.67 

26.78 

24.19 


26.68 

26.33 

27.58 

24.77 





Fe-Ni-W (46) 



Mn 

Si : 

p 

S 

C 

PA 

1 PQ 

2.80 

677 

231 

38 

30 

422 

26.76 

32.63 

3.43 

660 

226 

27 

34 

365 

26.80 

31.25 

5.00 ■ 

493 

267 

10 

30 

182 

28.63 

30.33 

6.00 

580 

450 

« / « o 

30 



60 

2130 

25.43 

29.60 


Ni 

W 


PTd* 

1 

1 

PHrr. 

15 | 

5 

\ 

1 

44.9 

i 

1 

45.8 


iooo°C. 


Fe-P 


Mn, 0.40-0.57; Si, 0.17-0.25; S, 0.05-0.08; C, 0.11-0.155 

(a = t Q = 900°C (4) 


0.012 

0.100 

0.144 

0.209 

0.245 

0.266 

0.421 

0.560 

0.725 

0.872 

1.153 

1.242 


PO* 

PA 

PQ 

17.0 

17.2 

j 16.6 

17.6 

17.2 

18.0 

18.2 

18.1 

18.9 

19.6 

19.1 

20.2 

20.3 

19.8 

21.6 

20.7 

20.8 

22.1 

22.2 

21.9 

24.6 

24.2 

23.5 

25.0 

24.8 

24.2 

25.7 

27.6 

27.2 

28.8 

30.7 


32.7 

30.9 

30.4 

32.2 


* *= 10.69 O* 6 ); r. also beginning of Fe. 


Fe-Pb (46) 0,061 % Ph, PTp = 13.9, t Tp = 9qq°c 
F e-S ( 146 ); 5, — 1.80; v. also beginning of Fe 
Fe-Sb ( 46 ) ; l ,Q% sb, p A = 20,2, t\ = 1000°C 

Fe-Se; v. beginning of Fe 


Fe-Si; 5, = 20.26 (I4fl ); at 18°C, 6, = 26, 5 3 = 34, = 49 (9) 


Si 


AgoO ( 299 > 300)* 


0 001 
0.01 
0.068 
0.148 
0.472 
0 822 
1.74 
3.4 
4.44 
4.92 


9.85 

9.89 

10.75 

11:8 

16.2 

21.3 

31.2 

48.5 
57.7 

66.5 


Si 


A, 100 ( 299 » 300)* 


2.73 

3.40 

3.55 

4.39 

4.44 

4.92 


42.00 
48.50 
48.50 
56.10 
57.40 
66 . 20 


Anoo ( 299 > 
0.001 
0.001 
0.01 
0.040 
0 . 064 
0.068 
0.091 
0.148 
0.205 
0.242 
0.309 
0.400 
0.472 
0.563 
0.673 
0.698 
0.822 
1.71 
1.74 


300) * 

9.84 

9.85 
9.90 

10.50 
10.67 
10.78 
10.96 
11.80 

12.50 

13.40 

14.40 
15.30 
16.57 

17.50 
19.10 
19.60 

21.25 

33.25 
31.00 


0.0 
0.233 
0.603 
1.033 
1 897 
2.826 
3.334 
4.655 
100.0 

A *000 
0.5 
1.0 
2.5 
5.0 
6.2 


Tp 900 ( 45 > 46 )t 


(45, 

I 


12.1 

14.7 

18.7 

24.3 

34.4 

44.6 

48.6 
62.2 

59.5 

46) t 

19.8 

15.9 
44.2 

36.9 

74.9 


Hm (43, 46)1 


0.5 
1.0 
2.5 
4.0 

4.0 

5.0 
0.2 

* Electrolyfcio Fe; 

S.50 % Fe, 0.0 1C % C. 
t Elec. Fc; commercial 8i. 


19.5 

18.6 

45.7 

54.8 
4S.6 
40.3 
77.2 


Si contained 
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RESISTIVITY OF ALLOYS: Fb-Si TO Fe-W 
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» 


Fe-W; at 18°C, 5, = 4, 6, = 5, 5, = 6 (®) 


w 

p 

Tp.oo ( 46 ) 

0.406 

13.4 

0.93 

13.6 

i » 

2.33 

15.1 

3.35 

16.1 

5.98 

16.2 

9.85 

17.1 

13.64 

20.2 

23.87 

18.5 

Aiooo 

( 46 ) 

2.0 

17.6 

4.0 

15.4 

6.0 

16.1 

8.0 

. 18.2 


• W 

p 

Aiooo ( 4 ®) 

9.0 

16.5 

12.0 

17.8 

16.0 

19.3 

18.0 

18.7 

Hm 

( 46 ) 

2.0 

19.8 

4.0 

19.5 

6.0 

24.2 

8.0 

19.9 

9*.'0 

23.0 

12.0 

20.7 

16.0 

24.2 

18.0 

23.4 



Fe-W -C. — ( Continued ) 


<A. 

• 

900° 

| 900° 

1 ndo° 

Lit. 

C. 

• •%••• •• • i 

0.3 

0.6 " 

0.6 

(128) 


W | 

PA 

PA 

PA ( 




23.0 




15 ! 

25.6 

24.8 





29.8 

28.1 

44.66 



25 i 


32.8 

47.62 



Fe v/-Cr-(Si, C); v. Fe-Cr-W-(C, Mo, Si, V) 


Fe-W- i-Cr-C, Steel; t = 18°C; f A = 1000°C ( 12 , 13) 


w 

1 Cu 

I 

Cr 

C 

PA 

PO 



1.75 

. 0.48 

31.3* 

49.0 


* PD - 31 .6, a v » 2.04 for 0 to 150°C 

Fe-W-Mn-C (»«); c/. Fe-Mn-W-C 


w 

Mn 

[ c 

PA 

1.00 

0.11 

0.16 

13.65 

3.50 

0.28 

0.28 

16.22 

15.50 

0.28 

0.76 

24.3 

3.25 i 

2.25 

0.40 

25.16 

10.00 j 

3 25 

1.50 

27.84 


Steel ; t = 18°C; ( A = 1000°C (12. 13) 


W 

| Mn 

1 c 

| . PA 

| PO 

1.0 

0.11 ’ 

0.16 

15.1 

15.8 

4.5 

0.28 

0.28 

18.0 

21.5 

7.5 

i 0.20 

0.38 

19.2 

24.6 

15.5 | 

0.28 

0.76 

26.6 • 

35.7 


Fe-W-Mn-Cr-Si-C-(P, S) (SO) 

5.04W, 0.32Mn. 0.240, 0.12Si, 0.018P; t = 25°C, <q 


940°C; 


. S 

! C 

1 t 

PA • 

— T - 1 

PQ 


0 016 

0 . 083 

19.52’ 

29.90 

Before 

0 . 006 

0 026 

24 . 30 

24.07 

After 


Fe-XV-Mn-Si-C-(P, S) 


W 

/ - - 

Mn . 

Si 

‘-'j ► — 

r -p 

v , 

C 

r ph 

4 . 649 

0.036 

0.043 

0.047 

1.357 

22.74* 

3.444 

0 . 625 

0.021 

0.028 

0.511 

36.04 

2.353 

0.312 

0.151 

0.089. 

0.855 

44. 27f ‘ 

* pa 22.60. t \ erv hard. 



W | 

Mn 

| Si | 

v W y 

S 

i'll — « 

P 

-XVJ tu o 

c 

PA 

PN 

PH 

3.25 

0 . 065 

0.044 

0.055 

0.010 

6.144 

17.31 

16.63 

19.24 

3.24 

0.071 

0 . IJ 50 

0.050 

0.010 

0.218 

17.60 

17.63 

19.33 

2.92 

0.170 

0.027 

0.014 

0.018 

0.27 


17.63 

20.20 

3.11 

0.075 

0 060 

0.050 

0.010 

0.48 

18.87 

19.12 

23.87 

3.18 

0.140 

0.033 

0.035 

0.012 

0.53 

18.40 

18.46 

'25 64 

3.17 

0 080 

0.078 

0.054 

0.010 

0.57 

18.56 

19.98 

26.68 

3,08 

0.093 

0.039 

0.040 

0.012 

0.89 

17.64 

18.76 

36 6 

3.09 

0.055 

0.040 

0.042 

0.012 

1.07 

16.97 

18.43 

38.70 
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Fe-W-(Mo, Cr, V, C) (**) 


w 

■■ - . - a i 

Mo 

Cr 

V 

C 

PTp * 

PH m 


10 

2 

nmoi 

0.4 

38.3 

45.8 

1G 

5 

2 


0.5 

38.8 

44.5 




0.4 


20.0 

18.1 

7.0 



0.3 


22.2 

20.3 

4.0 



0.4 


38.9 

23.2 

4.0 



0.4 

0.6 

35.0 

23.0 

4.0 



0.4 

0.8 

43.1 

24.1 

7.0 



0.3 

0.6 

33.3 : 

24.1 


*^Tp - 1000°c. 


Hg-Ag 


Ag (47) 

Pao 

a 

0 

95.75 

0 86 

0.0015 

95.52 

0.91 


94.93 

0.87 


94.74 

0.84 

0.008 

94 02 

0.84 

0.010 

93.39 

0.84 

0.014 

91.13 

0.92 

0.020 

87.73 

0.92 

0.060 

71.63 

0.94 

Ag (187) 

Pi 

t 

0 01 

93 . 85 

13.1 

0.025 

93.7 

13.2 

0.05 

93.6 

13.4 

0.1 

93.25 

13.0 

0.1995 

92.75 

13.3 

0.4975 

91.5 

13.0 

0 99 

88.6 


Ag (282) 1 p „ 

a 

0.249 

95.5 


0.498 

95.5 


0.990 

94.9 

0.81 


Hg-Bi; v. also Bi-Hg; for Ag, 
P0 =■ 1.54 (298) 


Bi 

pi 

t 


93.7 

13.05 


93.6 

13.15 

0.1995 

93.26 

13 05 

0.4975 

92.6 

13.45 

0.99 

92.12 

13.25 

For Hg, 

Po = 94.07, Pao ™ 

95.76 (**•) 


95.5 

20 

0.15 

95.2 

20 


94.8 

20 


94.8 

26 


94.3 , 

25 


93.95 

24.2 


93.55 

25.4 


93.3 

25.0 

1.225 

93.0 

24.7 

Bi 

a 

b 



31 


1.0222 

48 

1.393* 

1 . 0356 

68 

1.688* 


80 

1.885* 

1.0436 

84 

2.495* 


| 112 

2.97* 

1.0558 

115 

Sat:| 

im 

1120 


* U Maturated, t ^ 80°C. 
t Saturated; 15° < t < 40°. 



Hg-Bi. — (Cont'd) 


Bi (282) 

P 18 

a 

0.1 

95.9* 


0 . 249 

95.3 


0.498 

94.4 

0.88 

0.990 

93.25 


0.238 



0 498 


1 . 1 50 f 

0.943 


1 . 203 f 


* t « 18.6°C, from (>«»♦) 
t From ( 1 •> 


Hg-Li-Pb (71) 
20% Bi, 20% Pb 


pi ; 

l 

92.3 

0 

95.0 

97.5 

97.16 

143 

99.17 

181.5 

99.86 

191.5 

00.2 

196.5 

100.9 

1 214 

i 

Hg-Ca (23) 

Ca | pb o 

a 0 

0.12 j 97.02 | 

0.834 j 1.442 

50° ^ 

t ^ 300° 


Hg-Co (159) 


Cd 

pi 

t 

0.016 

95.3 

17.0 

0.032 

95.25 

18.0 

0.065 

94.9 

16.1 

0.098 

94.7 

16.6 

0.145 

94.4 

16.8 

0.19 

94.0 

16.9 

0.28 

93.4 

16.7 

0.375 

92.8 

17.7 

0.47 

92.1 

17.0 

0.55 

91 5 

17.1 

0.64 

90.9 

15.9 

0.735 

90.2 

16.0 

0.83 

89.7 

16.7 

0.925 

89.15 

16.5 

1.03 

88.5 

16.8 

1.065 

88.3 

16.9 

1.21 

87 /4 

17.0 

1.295 

87.25 

20.1 

1.395 

86.75 

21 3 

1.58 

85.7 

21.3 

1.77 

84.6 

20.2 

1.955 

83.6 

20.1 

2.09 

82.9 

20.0 

2.27 

82.1 

19.9 

2.43 

81.15 

19.4 


Hg-Cd. — ( Cord’d ) 


Cd 

Pi 

t 

2.61 

80.4 


2.72 

79.9 

19.7 

2.88 

79.2 

19.7 

2.99 

78.7 

19.6 

3.12 

78.1 

19.4 

3.21 

77.7 

19.4 

3.39 

‘ 76.9 

19.4 

3.57 

76.2 


3.76 

75.5. 

19.8 

4.03 

74.4 

19.8 

4.31 

73.3 

19.4 

4.58 

72.4 

19.3 

4.85 

71.4 

19.6 

4.85 

71.3 

19.6 

4.98 

70 5 

19.3 


Cd 


b 

0.375 

1.0292 

11 

0.735 

1.0564 

25 

1.21 

1.0911 

36 

4.98 

* .3455 

138 


Cd (<*) 

P 10 

<*20 

| 0ao 

MEM 

94.36 

0.85 

1.0 

Ed 

93.05 

0.90 

1.0 

Bd 

91.55 

0.79 

2.0 

0.94 

90 20 

• • 

0.85 

1.4 

1.50 

86.49 

0.83 



Cd 

pt 

a 

0 

t 

= 18°C (282) 

0.249 

94.8 

1.25 


0.498 

92.2 

0.75 


0.990 

89.3 

0.86 



t = ? (i«) 


0.444 


1.09e 


0.885 


1.09o 


1.754 


1 10a 


t 

= 50°C (2 3) 


0.51 

94.6 

0.922* 

1.099* 

1.47 

87.7 

0.815* 

1.425* 


• a.., 0»o; 50° ^ t •> 300°. 


Cd (2*«)| 

,R 

t 

2.55 

WMM 

263.7 

9.41 


264.1 

23.41 


264.2 

33.25 


263.6 

50.90 


264.1 

71.58 

nn 

267.2 


Hg-K (1 22) ; V. also Table 3 
K Pao 


0 

95.76* 

0.01137 


0.03496 

96.29 

0.07956 

97 . 45 

0.10945 

98.26 

0.1274 

98.65 

0.1726 

99.72 

0 . 2334 

100.9 


♦ Assumed as basis. 


Hg-Li (122) 


Li 

Pso 

0 

95.76* 

0.001131 

95.72 

0.003459 

95.59 

0.01069 

95.19 

0.01684. 

94.79 

0 . 02474 

94.39 

0 . 02867 

94.14 


* Assumed as basis. 


Li Pso 

<*50 

0SO 


50° ^ t 300° (23) 



98.82 

vm 

1 

.194 


98.32 

vm 

1 


MEM 

97.50 

HU 

l 

393 


Hg-Na (122); Vm also Table 3 
Na | pio 


0 

95.76* 

0.01070 

95.83 

0 . 03339 

95.96 

0 . 04430 

96.03 

0 . 09990 

96.25 

0.1387 

96 38 

0.1944 

96.51 

0.2468 

96.58 

0.2824 

96.61 

0.3104 

96.54 

0 . 4338 

96.38 

0.5893 

96.34 


t Assumed as basis. 


For Hg, p 1 7 = 95.59 ( 2 * 0 ) 


Na 

P 1 07 

<*107* 

19.65 

124.0 

0.54 

21.1 

123.5 

0.40 

25.9 

119.8 


28.8 

115.9 


32.1 

110.6 | 

0.16 

40.5 

93.65 

1.30 

50.5 

74.1 

2.38 

62.8 

70.2 

55.8 

40.4 

2.26 

100 

21.74f 

12.76 


* If 107° < t < 133°. 
t This value unusually great. 


Na (232) 

V 

It* 

0 

76.70 

-•-38.8 

Trace 

74.50 

-40.5 


63.80 

-47.93 


59.60 

-48.64 

1.174 

57.70 

-48.43 

1.560 

43.15 

-47.85 


42.55 

-47.52 


37.40 

-47.25 


• 1/ - temperature of fusion.* 


rig-Pb 

For Ag, pc - 1.54 (* flg ) 


Pb 

1 P* 

t 


93.85 

13.2 


93.7 

13.05 

wrm 

93.6 

13.2 

0.1 

93.35 

12.3 

0.1995 

92.77 

13.4 

0.4975 

91.27 

13.1 
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Hg-Pb. — {Coni' d) 


Pb 

Pi 

t 

0.99 

89.1 

13.15 

1.96 

87.5 

13.15 

3.84 

86.27 

13.2 

Pb (**«)| 

p«/p' 

t 

0 

1.000 

266.6 

5.94 

0.7853 

263.7 

12.07 

0.715o 

264.0 

24.81 

0.6852 

264.0 

32.83 

O.6860 

263.7 

48.12 

0.715o 

263.4 

51.45 

0.7219 

264.5 

59.46 

0.7426 

264.1 

70.73 

0.7654 

264.9 

Pb (i*®) 

pi 

t 

0.03 

95.25 


0.06 

95.1 


0.121 

94.7 

16.1 

0.182 

94.4 

16.6 

0.269 

93.9 

16.8 

0.358 

93.4 

16.9 

0.52 

92.6 

16.7 

0.69 

91.8 

17.7 

0.863 

91.0 

17.0 

1.009 

90.3 

17.1 

1.182 

89.65 

15.9 

1.354 

89.05 

16.2 

1.53 

88.7 

16.7 

1.70 

88.6 

16.7 

Pb 

a 

b 

0.69* 

1.0400 

28 

1.354* 

1.0714 

59 

1.70* 

1.0855 

82 

Safc.f 

1.0554 

127o 


* U Maturated; t ^ 80°. 
t Saturated; 17° ? t ^ 24°. 


Pb (**) | 

Po 

0.259 

92.51 

0.518 

91.24 

1.036 

89.66 

1.654 

88.80 

2.072 

88.22 


Pb 


Pi 8 


a 


Lit. 




Hg-Sn. — (Coni’ d) 


Sn | 

Pi 

t 

0.99 

86.9 

13.2 

1.96 

83.2 


3.84 

77.8 

12.8 

For Hg, Pl8 = 95.59 (»8*) 


95.4 

18.4 

0.02 

95.3 


0.05 

94.95 

18.2 

0.1 

94.4 

18.8 

0.2 

90.55 


0.5 

90.4 

18.4 

0.99 

87.85 

18.6 

1.94 

84.55 

18.8 

3.84 

78.8 


Sn (284) 

pi/p' ! 

t 



0 

4.09 

6.38 

10.74 

19.50 

24.30 

33.71 

36.01 

48.64 

54.10 
69.62 
66 33 
71. 5^ 

79.11 
88.13 

100.0 


1.000 

0.7553 

0 . 699 o 

0.6403 

0.5889 

0 . 584 o 

0.5636 

0.537s 

0.5269 

0.5016 

0.495i 

0.4829 

0.473o 

0 . 469o 

0.453s 

0.4282 


247.2 

245.3 

245.2 

246.2 

246.2 
246.0 

247.4 

245.6 

245.7 

246.4 
246.0 

247.7 

247.2 

247.2 

246.2 

247.2 


Sn 

P 18 

a 

Lit. 

0.498 

90.0 

0.90o 

(282) 

0.990 

88.0 

0.97o 

(282) 

0.990 


1.09s 

(18) 

1.67 


1.103 

(18) 

1.96 


1 . Ill 

(18) 


Sn (83) 


P o 


0.148 

0.297 

0.594 

0.890 

1.187 


92.32 

90.74 

89.02 

87.90 

86.80 


For Hg, po = 94.07, Pj0 = 95.76 

( 159 ) 


Sn 

Pi 

t 

0.054 

95.05 

HXjg 

0.12 

94.35 

Hi 

0.211 

93.25 

BH 

0.353 

91.85 

21.5 

0.457 

90.85 

21.5 

0 533 

90.1 

21.2 

0.613 

89.35 

21.2 

Sn 

1 a 

b 

Ww JJQj 

1.0265 

44 


1.0544 

56 . 


1 . 0795 

88 


1 . 0885 

90 

Sat.f 

1.0414 

185o 


* U Maturated; t ^ 80°C. 
t Saturated; 17° < t < 25°. 


Hg-Sn.- 

—(Cont'd) 

R is “relative” 

value of pt (282) 

t 

R 

Sn = 

= 2% 

15.7 

8634 

91.1 

9410 

83.2 

9330 

79.6 

9301 

69.6 

9220 

60.7 

9152 

48.5 

9040 

39.4 

8991 

34.8 

8961* 

Sn = 

= 3% 

15.8 

7608 

92.4 

8841 

79.5 

8761 

71.1 

8731 

60.8 

8671 

50.0 

8612 

38.9 

8598 

29.5 

8560 

16.3 

8516 

Sn = 

4% 

15.2 

9122 

68.7 

9129 

76.1 

9536 

81.4 

9583 

91.5 

9516 

85.4 

9471 

79.6 

9226 

74.0 ! 

9179 

69 0 ! 

9136 

62.6 

8930 

58.6 

8926 

52.3 

8883 

38.7 

8823 

22.6 

8779 

Sn = 

= 5% 

19.2 

8118 

89.3 

8369 

76.2 

8334 

69.7 

8288 

59.6 

8242 

52.0 

8220 

36.9 

8187 

19.5 

8151 

19.7 

8110 

Sn = 6% 

14.9 

7997 

50.7 

811 * 

82.3 

8225 

89.2 

8347 

90.7 

8442 

91.0 

8424 

73.4 

8319 

61.6 

8259 

50.3 

8231 

32.5 

8180 

22.2 

8131 

16.4 

8106 

15.4 

8101 


Hg-Sn.— 

(Continued) 

t 

R 

Sn = 

■■ 12% 

17.0 

1639 

34.0 

1655 

45.0 

1656 

62.0 

1657 

84.0 

1695 

86.0 ; 

1725 

90.6 

1805 

92.8 

1877 

93.8 

1877 

86.0 

1866 

83.3 ! 

1863 

77.5 

1795 

75.8 

1785 

70.8 

1770 

65.0 

1759 

55.8 

1749 

48.6 

1744 

34 3 

1725 

17.2 

1704 


♦Suddenly cooled, pi«.i — 8924; 
after 3 hr, pia.g =■ 8920; after 20 hr, 

pu.o =» 8801. 


Hg-Tl (210) 


T1 

Po 

ao* 

0 

94.07 

0.96 

10 

80.65 

0.77 

15.3 

74.52 

0.63 

18.3 

72.99 


19.2 

65.83 

5.66 

20.5 

55.65 


22.1 

46.25 


23.7 

37.5 


24.6 

32.8 

61 

26.6 

31.8 


27.2 

31.6 

63.5 

27.9 

31.6 


29.3 

31.8 

61.8 

30.6 

32.1 


31.4 

32.5 

59 

33.1 

32.7 

57.5 

36.6 

32.1 

58.5 

39.5 

31.8 

58.4 

* o° < t < 

: 19°. 


T1 

P75 

ao* 

0 

18.8 


0.6 

19.5 


0.8 

20.6 


1.6 

20.0 


5.4 

21.9 


11.6 

29.4 


19.2 

30.9 


20.8 

29.9 


22.6 

27.8 


24.6 

25.7 

3.73 

25.5 

25.3 


26.6 

24.8 

3.71 

28.2 

24.8 

3.71 

31.4 

25.4 

3.77 

33.5 

25.0 


36.6 

24.5 

4.19 

39.5 

24.1 

4.32 


< 7 # 
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Hg-Tl. — (Conl’d) 


T1 (23) 

P60 


060 


96.58 

0.872 

1.241 

2.89 

93 20 

0.814 

1.029 

Hg-Zn 

Zn 

Pt 


t 


For Ag, p„ = 1.54 (2»«) 


0.01 

93.7 

13.07 

0.025 

93.5 

13.07 

0.05 

93.2 

13.13 

0.1 

92 . 45 

13.07 

0.1995 

91 . 15 

13.13 

0.4975 

87.6 

13.2 

0.99 

82.27 

13.27 

1.96 

75.5 

13.0 

3.84 

69.9 

13.1 

For Hg, po 

= 94.07, p 20 = 95.76 


(159) 


0.0095 

95.3 

17.0 

0.019 

95 2 

18.0 

0.038 

94.75 

16 1 

0 057 

94.5 

16.6 

0.085 

94.1 

16.8 

0 113 

93.65 

16.9 

0.165 

92.9 

16.7 

0.22 

92.3 

17.7 

0.275 

91.45 

17.1 

0.32 

90.85 

17.1 

0 375 

90.15 

15.9 

0.43 

89.4 

16.0 

0.49 

88.85 

16.7 

0.54 

88.15 

16.5 

0.605 

87.4 

16.8 

0 . 625 

87.15 

16.9 

0.70 

86.15 

17.0 

0.755 

85.9 

20.1 

0.815 

85.4 

21.3 

0.926 

84.1 

20.1 

1.038 

82.9 

20.2 

1.147 

81.8 

20.1 

1.227 

81.1 

20.0 

1.335 

80.05 

19.9 

1.429 

79.2 

20.0 

1.538 

78.3 

19.6 

1.607 

77.7 

19.7 

1.703 

77.0 

19.7 

1.765 

76.4 

19.6 

1.844 

75.9 

19.4 

1.880 

75.4 

19.4 

2.007 

74.8 

19.4 

2.065 

74.7 

19.6 

Zn 

a 

b 

■QQFC1 

1.0347 

♦ 19 


1.0667 

13 

0.713* 

1.1074 

28 

1.43* 

1.2071 

68 

1.648* 

1.2350 

107 

Sat.f 

1.1724 

541o 


* Unsaturatcd; ( 80°C; beating 

to 80°C reduqes the ratio; for 0.713 % 
Zn the reduction is he greatest aud 
- 0.2 %. ^ 

t Saturated; 17° < 22°; at 

23.3°C, ratio is about 0.3 % leas than 
computed. 


Hg-Zn.— (Cant'd) 


Zn 

pi 

a 

t 

= 0°C (S3) 

0.163 




89.56 


BS2I 

85 . 59 


lifi 

82.15 


t 

= 18°C (28 

2 ) 

mssM 


0.80 


90.45 

0.88 

wm 

86.9 

0.97 

Zn 1 

< 

a 

Lit. 

0.761 

1 09+ 

(18) 

1.51 

1 .089 

(18) 

16.5 

1.87c* 

(293) 

23.9 

1.85o* 

(293) 

28.3 

1 814* 

(293) 

33.3 

1 . 844 * 

(293) 

40.1 

1 . 80 ?* ' 

(293) 


* Mean 30 t 100°C. 


In -PI. (158) 


Pb 

pr- 

a* 

0 

9.913 

4.38 

16.8 

16.52 

2.75 

31.1 

24 . 28 

2.45 

54.6 

27.79 

2.28 

64.4 

31.92 

2.25 

. 73.0 

32 . 66 

2.33 

86.4 

30.98 

2.71 

94.2 

28.27 

2.75 

97.1 

25.41 

3.44 

99.2 

22 . 83 

4.00 

100.00 

21.50 

4.24 


• 25 to 100°C. 


K-Na ( 203 ); v. also Table 3 


Na 

P 10 

ajo* 

53 

33.8 | 

1.47 


• 46 to 125°C. 


K-Rb (152) 


Hb . 

Po 

P« 

Pb 0* 

0.00 

6.60 

7.71 

8.82 

26.7 

8.29 

9.49 

10.72 

39.7 

9.05 

10.34 

16.89 

54.9 

10.17 

11.64 

19.01 

74.0 

11.32 

12 92 

21.14 

85.6 

11.60 

13.41 

22.28 

90.0 

11.57 

13.50 

22 . 58 

100.0 

11.29 

13.16 

23 15 


Rb 

P76 

Pi of 

0.00 

14.43 

15.80 

26.7 

17 46 

18.98 

39.7 

18.42 

19 84 

54.9 

20.75’ 

22.53 

74.0 

22.88 

24 75 

85.6 

24 16 

26 05 

90.0 

24.58 

26.39 

100 0 

25 . 32 

27 47 


* Note break between 26 7 % Rb 
and 39.7 % Rb. 


K-Tl; v. Table 3 
Mg-Ag; v. Ag-Mg 
Mg-Al; v. Al-Mg 
Mg-Cd; y. Cd-Mg 
Mg-Cu; v. Cu-Mg 


Mg-Pb (264); (265) 


Pb 

Pjs 

a* 

0 

4 40 

4.10 

6.00 


1.70 

13.20 

9.00 

1.70 

21.00 

16.60 

0.80 

23.20 

17.70 

0.87 

47.37 


0.65 

67.00 ' 

KISWBm 

1.23 

69.68 

59.00 

1.10 

70.90 

68.00 

1.00 

73.77 

107.0 

0.95 

75.17 

97.0 

1:50 

75.50 

103.5 

1.20 

76.00 

109.0 

1.55 

78.11 

129.0 

1.80 

79.00 

148.5 

2.05 

80.10 

163.0 

1.80 

80.30 

180.0 

1.20 

81.80 

149.0 

2.20 

83.30 

159.0 

2.59 

85.00 

121.0 

2.20 

85.50 

114.0 

2.45 

89.27 

73.50 

2.53 

91.66 

55.00 

2.90 

94.60 

46.50 

2.84 

97.25 

36.70 

2.80 

98.4 

30.70 

3.35 

100.0 

21.07 

4.29 

* 25° < t 

< 100° 


Mg-Sn (2*5) 

Sn 

pi» 

Aioo 

5.5 

6.75 

1.63 

11.2 

11.9 

1.50 

15.3 

14.63 

1.00 

20.0 

15.65 

1.37 

35.2 

17.61 

2.04 

55.5 

42.18 

1.98 

68.9 

225 

2.24 

69.0 

413.0 

2.76 

. 69.0 

430.0 

3.01 

70.5 

463.0 

2.75 

71.1 

1096.0 

4.45 

72.5 

445.0 

4.30 


Mg-Sn. — ( Coni' d ) 


Sn 

| 

Pj* 

Aioo 

72.9 

260.0 

4.27 

73.9 

283.0 

4.36 

78.0 

161.4 

4.28 

88.2 

35.68 

4.46 

90.0 

37.26 

4.49 

91.4 

30.01 

4.45 

95.1 

21.18 

4.31 

97.9 

15.96 

4.43 

Mg-Zn (2*5) 

Zn 


PJS 

Aioo 

14.3 

7.175 

2.67 

52.9 

11.0 

2.27 

56.5 

15.13 

2.04 

67.6 

15.54 

2.02 

70.1 

26.78 

1.37 

80.1 

31.12 

0.97 

84.4 

15.88 

2.89 

86.25 

16.90 

2.63 

86.45 

14.2 

3.20 

91.5 

12.51 

3.13 

96.0 

7 

'.8 

3.79 

Mn-x; 

see 

the other metal 

Mo-W (* 2 ) 

w 



a 

0 



4.57 

5.8 



4.08 

11.5 



3.75 

22.7 



3.37 

33.5 



3.14 

43.9 



2.99 

55.8 



2.91 

63.7 



2.92 

73.2 


3.04 

82.4 


3.26 

91.4 


3.76 

94.76 


A 

1.01 

98.10 


A 

L37 

98.49 


A 

L43 

98.85 


A 

L46 

99.255 

A 

b56 

99.618 

A 

:.64 

100 

J 

4 

.82 

Na-Cd; v. Table 3 

Na-Hg, 

Na-] 

K; v. Hg-Na, 


K- 

Na 


Na-Pb, Na- 

-Sb, 

Na-Tl; 

; p. Table 


3 




Key or 

name 

Co 

1 


2 

99 

3 

15 

4 

tr. 

Elec. Ni 


Grade A 


6 

10 

6 

50 




1 

20 

tr. 


80 

tr. 


5 

15 


24 

65 

8 

40 

60 


tr. 

150 



0 


20 


15 

10 


3.5 


0 


8 
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Ni. — ( Continued ) 


Key or 

name 

Impurities, 1/100% 

Co 

Cu 

Fe 

Mn 

Si 

C 

7 

136 

15 

44 


6 


Grade C 


40 

89 


18 

22 

Grade D 


1 16 

74 

475 

13 

8 


Grade 

Elec. 

A 

C 

D 

t C 134 ) 

p 

p 

p 

p 

20 

9.74 

10.64* 

13.97* 

17.80* 

100 

U.2 

Y5.21 

18.99 

22.95 

200 

20.16 

21.92 

26.M 

29.90 

300 

27.86 

30.1 

36.04 

37.38 

400 

•35.94 

37.44 

42.16 • 

41.11 

500 

38.95 

41.15 

45.51 

43.78 

600 

41.97 

44.12 

48.72 

46.64 

700 

46.0 

47.24 

52.09 

49.49 

800 

48.0 

50.31 

55.29 

52.31 

900 

51.03 

53.61 

58.91 

55.70 

1000 

54.91 

57.24 

62.84 

59.10 


a - 6.37 (••) t Cf. (»»»). - 19.43. 


Key 

Pu 

a 

a 

Lit. 

1 

2 

7.7 

8.38* 

5.21 


(237) 

(136) 

3t 

9 

5.3* 

5.5* 

(214) 

4 

10.24 

3.7* 

6.0* 

(214) 

5 

14.25 

3.5* 

7.0* 

(214) 

6 

13.25 

3.0* 

7.0* 

(214) 

7 

11 76§ 

Ajoo ! 

= 4.4 

(139) 

*<-20°C. t A, oo - 5.8 (*»«) X From 0 to 346°C. ff- 

Ni-Al (136); cf' Al-Ni 

18°C. 

A1 

a 


A1 

a 

0.498 

3.68 

0.99 

2.85 


Ni-C; u. Ni 


Ni-Co; v. Ni and Co-Ni 
Ni-Co-Fe-(Mn, Mg, Si, Cu) 



Ni-Cr ( 135 ) 


15 

16.67 

18.3 

20 

20 


c,r | 

P JO 

a 

0 

10.67 

6.00 

4.76 

45.7 

0.970 

9.1 

67.8 

0.370 

10 

v. Ni-Cr-(Fe, Mn) 

13.04 

84.1 

0.200 


v. Ni-Cr-(Fe, Mn) 
96.9 | 0.120 

v. Ni-Cr-(Fe, Mn) 
99.7 | 0.140 

v. Ni-Cr-(Fe, Mn) 


Ni-Cr -Cu; v Cu-Ni-Cr 


Ni-Cr -Fe; v. also Fe-Ni-Cr and 
Ni-Cr-(Fe, Mn) 


Cr 

Fe 

r p ( 2o °) 

3 

4 

46.0 

6 

4 

53.0 

7 

18 

83.1 

10 

35 

107.0 

13 

16 

100.2 

15 

5 

96.8 

20 

25 

93.5 


20 

113.0 

.'29 

7 

110.0 

32 


110.0 

37 

11 

113.0 


Ni-Cr-Fe. — ( Continued ) 

Alloy No. 3 (134); Or, 31.35; Fe, 13.77; Mn, 0.00 


t 

P 

t 

1 p 

20 

114.1 

700 

123.15 

300 

119.6 

800 

123.4 

400 


900 

124.4 

500 

• 122.7 

1000 

125.3 

600 

122.75 




Ni-Cr-(Fe, Mn), Nichromes; cf. Fe-Ni-Cr 


Cr 

Fe 

| Mi 

n 

l Lit. 

Nichr 



12 

28 

0 


(65) 

Nichr 


• • • 

113 

26.3 

1.5 

> 

(13 4) 

Nichr. II.. 



18.7 

10.53 

1.58 

(134) 

Nichr. Ill* 


• • • 

15 

0 

0 


(65) 

Nichr. Ill* 


• • • | 

15.3 

0 

0 


(134) 

Nichr. IV f 


• • • 

20 

0 

0 


(65) 

Nichr. IVf 


• • 9 

18.3 

0 

0 


(134) 

Excello . . . . 


• • • 

14 

0.5 

0 5 




Nichr. 

Nichr. II 

Nichr. Ill 

Nichr. Ill* 

Lit. 

(65, 134) 

(134) 

(65) 

(134) 

t 

P 

P 

P 

P 

20 



110.7 

89. 

75 


97.15 

100 

112.25 



90. 

75 



200 

115.4 



92. 

1 



300 

118.1 


114.8 

93. 

4 


101.3 

400 

119.9 


116.2 

94. 

75 


102.5 

500 

121.4 


117.6 

95. 

75 


103.5 

600, 

122.2 


117.2 

95.' 

75 


103.4 

700 

121.4* 


117.1 

96 



103.75 

800 

123.7 


117.4 

97. 

1 


104.4 

900 

125 


118.2 

98. 

1 

105.7 

1000 

126.9 


119.0 

99.75 

107.2 

a 

v. infra 

0.2-0.15 (65) 

0.050* (175)' 




t 

P ( 65 ) 

p(134) 

[ t 

20 

wzm 

98.0 

600 

100 

mSXm 


700 


106 


800 


106.9 

100.75 

900 

400 

108 

101.75 

1000 

500 

108.9 

102.6 

a 


p (65) p (134) 


108.5 
108 
108.9 
109.4 

110.6 


101.85 

101.65 

101.85 

102.35 

103.5 


0.179 (65; 

* Kromore. Same nominal composition as Rayo, a =* 0 102 («S) 
t p7oo - 122.8 («3«) 

1 1 “ 20 to 50°C; for t - 20 to 100°C, a ~ 0.187 («*). 

§ Chroma*. Same nominal composition aa Chromel A, a =« 0.11 ( 130 ), and 


(260) 

Nichr.* 

Excello 1 
| 

(260) 

t 

a 

1 

a 

t 

25 

0.32 

0.22 

575 


0.30 

0.23 

600 


0.30 

0.26 

650 


0.38 

0.29 

700 

200 

0.46 

0.29 

750 

250 

0.50 

0.27 

800 

300 

0.56 

0.21 

850 

325 

0.43 


900 

350 

0.38 

0.22 

950 

400 

0.30 

0.24 

1000 

450 

0.24 

0.25 

1050 

500 

0.24 

0.26 

1075 


0.12 

0.20 



0.05 

0.05 

0.06 

0.07 

0.07 

0.08 

0.10 

0.14 

0.18 

0.28 

0.36 


(•s* At 20 ° C ’ “ " 0,43 (l35): 20 40 «°° c . « 


0.15 
0.11 
0 09 
0.11 
0.13 
0.15 
0.17 
0.22 
0.26 
0.29 
0.32 
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Ni-Cr-(Fe, Mn). — Continued 


Ni-Mn-Fe-Cu 


Co 

Calido (65) 

ChP | 

Chromel P ( l3 °) 

Mn 

Fe 

Cu 

P 10 

a 

Lit. 

Ce 

Calorite 

Eo 

Excello (<°» 26°) 

0.1 

0.65 

0.25 

10.63 

5.37 

(„3) 


Chromel A, v. Nichrome 


Karma, v. Nichrome IV 

2.1 

0.0 


13.95 


(133) 


IV 


Rayo, v. Nichrome III 

4.75 

0.75 

0.2 

19.43 


(,33) 

ChC 

Chromel C ( 13 °) 

Tt.* 

Tophet 

0.59 

0.14 

0.03 

9.12 

4.90 

(136) 


Cr 


Fe 


Mn 


a 


Co. . 
ChP 
Tt.. 
ChC 
Ce. . 
Eo 


8-16 

10 

10 

11 

12 

14 


24-25 

0 

26 

25 

15 

0.5 


(?) 

0 

8 

0 

8 

0.5 



110 

70.6 

107 

109 

110 
92 


0.12 

0.54 

0.18 


0 16 


Ni-Cu; v. Ni-Cu-Zn and Cu-Ni 
Ni-Cu-Co; y. N1 

Ni-Cu-Cr; v. Cu-Ni-Cr 

Ni-Cu-Fe-Mn-(Si, C), Monel 
metals; v. Cu-Ni-Fe-Mn- 

(Si, C) 

Ni-Cu-Mn; v. Cu-Ni-Mn 


-Cu-Mn-Fe; v. Cu-Ni-Fe 
Mn 

Ni-Cu -Ti; v. Cu-Ni-Ti * 


Ni-Cu-Zn (281); cf. Cu-Ni-Zn 


Ni-Fe, v. Fe-Ni 



Ni-Fe-Cr; w. Fe-Ni-Cr, Ni-Cr 
Fe, and Ni-Cr-(Fe, Mn) 

Ni-Fe-Mn; v. Fe-Ni-Mn 


Ni-Fe-Mn- 

Ni 

Alloy No. 
Fe, 28.86; 
Si, 


-Cu-(Si-C); v. also 

-Mn-Fe-Cu 

141 (134); cf. (133) 

Mn, 1.30; Cu, 0.16; 
0.13, C, 0.22 


t 


20 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 


22.34 

31.28 

43.11 

56.72 

71.50 

88.45 

106.75 

110.30 

113.00 

116.20 

119.05 


Ni-Mn-(Fe) (133); v. also Fe- 

Ni-Mn 


Mn 

P 

a 

0 


12.43 

6 

.22 

4.76 

17.4 


( 

* 

2 

.97 

7.4 


23.3 


i 

( 

2 

.49 

9.1 







11.1 


36.4 





13.04 

41.6 





16.67 

51.2 





85 


70.0 

* 


1 

.3* 

* From 

( 

14«); 

a hold* from 

20 to 

100°C. 








Mn 

1 

P 10 

< 

at 


Lit. 

0 

l 



5. 

56 

(134) 

0.249 



4. 

60 

( 

;136) 

0.62fr 



4. 

52 

(,3«) 

0.99 




3 

57 

( 

;136) 

5 * 


19 

.96 

1 

0 

(194) 

4.2 


17 

.4 

2 

97 

(250) 

7.4 


23 

.3 

2 

49 

(250) 

1.5-2. 

0 

13 

.95 

3 

.6 


(65) 

4.2-5. 

0 

21 

.6 

3 

.6 


(65) 

All 

Alurael ( 130 ). 



MN 

Manganese 

nickel ( 65 ) 

Mno 

Magno ( 

40, 

65). 




Mn 

Fe 

p 

] 

a 

MN 

1. 

5-5 

(?) 

15 



All 

2 

1.5 

0. 

5 

33. 

3 

1.2 

Mno 

E 

l 

t 

> 

0 

J 

20. 

0 

O.OOfi 



Pb-Tl (103) 


Ti 
0 

3.45 

4.5 

7 

14 

22 
32 
42 
54 
63 
67 
70 
75 
77.5 
80* 
85* 
89.9* 
90 0* 
93.5* 
95.0* 
96.5* 
98.0* 
99.5* 
100 . 0 * 


16.6 

4.27 

19.15 

3.67 

19.26 

3.62 

20.8 

3.32 

26.8 

2.51 

33.35 

1.942 

37.8 

1.655 

40.1 

1.523 

39.2 

1.499 

36.6 

1.526 

34.2 

1.629 

31.9 

1.707 

28.3 

1.884 

25.7 

2.14 

23.8 

2.30 

20.8 

2.68 

19.2 

2.96 

18.9 

3.03 

19.04 

3.00 

18.13 

3.19 

16.81 

3.41 

15.60 

3.68 

14.23 

4.02 

13.80 

4.16 


0o 

1.512 

1.362 

1.474 

1.500 

1.086 

1.030 
1.08 
1.095 
1.025 
1.14 
1.263 
1.445 
1.67 
1.75 
1.78 
2.38 
3.11 
3.34 
3.53 
3.92 
3.86 
3.81 
3.42 

2.30 


• 0-form. 

































9.5 


T1 (158) 


0 

4.85 
9.8 
24.7 

39.60 

49.61 
59.63 
66.33 
•69.67 

74.72 


* 25 to 100°C. 


P2» 


21.50 

24.52 
27.37 

33.52 
37.48 
38.31 
36.95 

34.11 
31.79 

28.12 


4.24 

3.67 

2.97 
2.23 

1.98 
1.78 
1.72 
1.85 
1.91 
2.19 


Pb-Zn; v. Table 3 


Pd-Ag, Pd-Au, Pd-Pt; v. Ag 
Pd, Au-Pd, Pt-Pd 


Pt-Ag; v. Ag-Pt 


Pt-Ir (140) 


Ir 

PM 

a* 

1 

12.51 

3.23 

2.5 

14.66 

2.61 

5 

18.23 

2.03 

10 

24 39 

1.38 


* 26 to 100°C. 


lr 


0 

6 

10 
15 
20 
25 1 
30 
35 

0 

10 

15 

20 

100 

19.9 



10.07 

17.82 

23.06 

26.9 

29.6 
31.55 

32.9 

36.9 
( 1 °) 

9.766 
25 . 397 
28.650 
33.16 
8.19 


a* ( 81 ) 


3.48 

1.88 

1.26 

1.02 

0.81 

0.66 

0.58 

0.58 

3.940 

1.150 

0.928 

0.739 

2.93 

0 . 822 X 


30.90$ 


* 0 to 160°C. 

t Ah - 0.6 if l A - 960°C (>>*). 
X From (’•); PtJr. 

20% Ir (63); cf. (62) 


Tl(158) 

P26 

a* 

• 

79.76 

23.86 

2.78 

89.86 

20.09 

3.40 

92.89 

19.63 

3.75 

94.93 

19.59 

3.71 

95.43 

20.40 

3.97 

96.45' 

21.52 

3.55 

96.95 

22.90 

4.27 

97.97 

20.76 

4.04 

98.99 

19.43 

4.42 

100 

18.25 

4.78 


Pt-Pd (140) 


Pd 


1 

2.5 

5 

10 


Pd (8i) 


0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 


P 26 



19.50 


Po 


10.06 

18.6 

23.38 

25.65 

26.45 

25.72 

24.26 

21.87 

18.92 

14.43 

10.58 


3.38 

2.94 

2.46 

1.80 


3 48 
1.36 
1.18 
1.00 
0.96 

1.03 

1.04 
1.28 
1.55 
2.14 
3.28 


♦ 0 to 160°C. 

Pt-Rh (140) 


Rh 


PM 


1 

2.5 

5 



16.77 

21.853 


10 


Rh 

10 

L0 

9.1 

10 


10% Rh (63); C f. (62) 


Pt 


3.26 

2.71 

2.17 

1.47 


‘Lit 


-197.1 
-106.1 
- 81.9 
0 

+ 1.75 

16.15 
92.25 


15.134 

18.065 

18.648 

21.142 

21.188 

21.635f 

23.943 


t 


15 

124 

182 

313 

360 

414 

440 


pt 

t j 

pi 

198 ooo 

382 

319 ooo 

225 ooo 

339 

346 ooo 

243 ooo 

317 

351 ooo 

292 ooo 

246 

346 ooo 

301 ooo 

157 

297 ooo 

279 ooo 
265 ooo 

15 

221 ooo 


After 10 cycles 




t 


23 

50 

110 

518 


Pi 


2010 X 10 8 
555 X 10 8 
59 X 10 8 
0.9 X 10 8 


Sb-Sn, Sb-Te; v. Sn-Sb, Te-Sb 


Sb-Zn ( 180 ) 
For Ag, po = 1.54 


Zn 


P26 


373 


Si-Fe-Al (33) 


A1 




0.65 

0.53 

1.02 

1.25 


Sn-Ag, Sn-Al, Sn-Au, Sn-Bi; 
v. Ag-Sn, Al-Sn, Au-Sn, 
Bi-Sn 


Sn-K; v. Table 3 




Sn-Na; v. Table 3 


Sn-Pb; v. Pb-Sn 


Sn-Sb; v. also Table 3 


Sb (151) Pl6 


0 10.39 3.85 

1 11.91 

4 14.1 

6 14.88 3 

8 15.48 

10 17.61 2.72 

12 17.67 

20 19.68 3.11 

30 22.94 3.25 

35 23.26 3 . 48 

39.27 25.38 3.53 

41 24.04 3.61 


Sb (»5i) 

PM 

a 

43 I 

26.52 


43 5 

29.07 

3.44 

44 

29.67 

3 40 

46 

31.25 

2.82 

49 

30.0 

2.91 

50 

28.57 

3.43 

51 

29.76 


52 

32.26 

2.77 

53 

31.95 


54 

32.26 


56 

32.57 

2.62 

58 

34.48 

2.25 

60 

38.02 

1.81 

67 

39.22 


70 

43.47 


75 

46.73 

1.69 

80 

49.5 

1.63 

90 

54.64 

1.62 

95 

50.76 

3.90 

100 

43.67 

5.03 


PlJ 

47 o 

ooo 

24o 

ooo 

154 

ooo 

118 

ooo 

82 

ooo 

95 

ooo 


For Ag, po = 1.54 (182) 


Sb p, 


15.43 

16.02 

18.14 

20.0 

21.36 
22.48 

25.37 


1.04 

2.06 

5.01 

9.55 

17.4 
26.0 

34.04 


t 


27.9 

25.7 
27.0 

27.4 

22.4 

20.4 

20.7 


Sn-Te (H9) 




♦TeSn. 


Sn-Zn; v. also Table 3 
For Ag, po = 1.54 ( 102 , 188, 

189) 


Zn 



Pt 


12.16 

11.66 

10.07* 

8.88 

7.83 

6.91 


t 


21.3 

20.0 

20.0 

19.9 

21.1 

20.1 


* po — 9 . 12 ; a - 3 . 884 ; 0 - 6.86 
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Te-Ag* (230) 


Te-Sb (ii«) 


Superior ( 26 °) 


t 

P/t 

PAf 

330 

2% Ag 

17.6 

17.6 

280 

22.9 

22.9 

230 

31 

31 

185 

41.6 

43.6 

129.5 

28.6 

72.4 

75 

23.1 

131.6 

+21 

18.3 

182.7 

— 30 


156 

-94 


118.5 

330 

4% Ag 
18.2 

18.2 

260 

28 

28 

200 

41.9 

41.7 

179 

60 

50.5 

120 5 

33.3 

94 

71 

28.3 

180 

+ 10 


276 

- 7 


271 

-15 


278 

-63 


244 

290 

20% Ag 
22.4 

22.4 

230 

38.3 

38.3 

200 

49.9 

49.0 

180 

58.0 

59.2 

80 

87 

265 

+30 

88 

419 

-97 

144 

1520 


Sb 

A B 

5 

2000 

10 

1820 

20 

1136 

25 

625 

30 

.500 

35 

345 

38.9* 

208.3 

40 

263.2 > 

50 

286 

60 

345 

70 

435 

80 

526 

* TesSbt. 


Te-Sn; v. Sn-Te 

Tl-Bi; 

v. Bi-Tl 


Tl-Cd (I**) 


Cd 

OC0 

0o 

5 

3.67a 

6 94 


Tl-Pb; v. Pb-Tl 


Tl-Sn (I 90 ) 


Sn 

a 0 | 

00 

5 

3.12o 

2.97 


* Set alto Tabltt Annxullet, 8: 264; 
1912. Italic numbers are apparently 
maxima. 

t Resistivity when cooled from melt- 
ing point to t, tapidly (/>/), slowly (pa). 


W-Fe, W-Mo; v. Fe-W, Mo-W 

Zn-Al, Zn-Cd, Zn-Cu, Zn-Mg, 
Zn-Pb, Zn-Sn; v. Al-Zn, 
Cd-Zn, Cu-Zn, Mg-Zn, 
Pb-Zn, Sn-Zn 


Named alloys of unstated composition 


t 

pt 

Oo 

Range, °C 


American nickel ( 3 ) 


25 1 

72.92 

5.16 

25-200 


138 




214 

1.22 

400-1000 


269 




319 


\ 


Beacon alloy 

g 



1 0.7 




Extra Prima ( 6 ®» l41 ) 



29.35 

0.28 

17 

• 

Ferrosoid ( lfl0 ) 



84 




Ferry ( 16 °) 



47.2 




Krupp (a Ni-steel) ( 135 ) 



85 

0.70 

20 


Mangaloy ( 17S ) 




107 

0.073 

20-50 


New Metal ( 141 ) 



1 61.1 

1 -0.038 

17 


Resista 



1 70 

1.1 



Rheostene (a Ni-steel) 



| 77 

i 1.2 



w 

Superior ( 46 

, 60, 141, 260) 


0 


1.15 

17 

15 

87.2 

0.81 



l 


a 


25 

50 

100 

150 

200 

250 

300 

350 

400 

450 

500 

550 

600 


0.96 

0.92 

0.84 

0.76 

0.68 

0.60 

0.49 

0.42 

0.41 

0.40 

0.39 

0.38 

0.36 


Superior. — (Coni’ d) 


t 

a 

650 

0.32 

700 

0.29 

750 

0.27 

80 D 

0.26 

850 

0.25 

900 

0.25 

950 

0.25 

1000 

0.24 

1050 

0.24 


Tarnac ( 67 » ,6 °) 


t 

pt 

a 0 

Range 


41 

0.025 

20° 


TABLE 3.— RESISTIVITY OF NON-MERCURIC ALLOYS AT 

TEMPERATURES NEAR AND ABOVE THEIR NORMAL 

MELTING POINTS 

The mercuric alloys Hg-K and Hg-Na for which data are 
available for a considerable range of f, are here included; for 
others, see Table 2. 

When neither the initial nor the final temperature is the same 
for every member of a given system but p is recorded for some 
intermediate temperature that is common to every member, then 
that p and the corresponding temperature are printed in bold face; 
if two are required, the second is in italics. 

Unit of p =■ 1 microhm-cm — 10" 6 ohm-cm, of D » 0.01 
microhm-cm per 1°C; temperature is f,°C. 


Al-Cu* (24) 

t | Pt 

U% Ci 


700 

D 

1300 

1100 


| 27.80 
+ 1.467 
36.68 

33. 68 


5% Cu 

700 | 28.05 

D - +1.723 


1300 

1100 


38.39 

34.96 


19.67 % Cu 


600 

D 

1300 

1100 


| 30.87 
+0.814 
36.57 

84. 95 


32.84 % Cu 


600 

D 

1300 

1100 


I 39.03 
+ 1.386 
48.73 

46. 97 


50% Cu 
600 | 45.45 

D - +0.554 


1300 

1100 


49.33 

48. 22 


55 % Cu 
600 | 48.32 

D = +0.263 


1300 

1100 


50.16 

49.64 


Al-Cu. * — (Coni' d) 


t 


pt 


70 % Cu 


* Value* of p appear to be too high. 


800 

65.44 

D - +0.096 

1300 

65.92 

1100 

65. 70 

77.72 % Cu 

1000 

72.30 

1100 

70.27 

1200 

68.47 

1300 

66.95 

82% Cu 

1000 

72.30 

1100 

70.08 

1200 

68.00 

1300 

66.22 

85% Cu 

1100 

| 68.72 

D - 

-1.05 

1400 

| 63.57 

87.7 % Cu 

1100 

62.60 

90% Cu 

1100 

| 68.22 

D - 

-0.41 

1300 

1 57.40 

QS'r.Cu 

1100 

43. 18 

1200 

43.33 

D - 

-A0.24 

1400 | 

43.81 

100% Cu 

1100 1 

21.62 

D - 

0.883 

1400 J 

24.17 

too high. 


Bi-Cd-Pb-Sn 

Wood’s metal (* 83 ) 
Bi, 55.74; Cd, 16 80; 
Pb, 13.73; Sn, 13. 3 


t 

122.8 

96.8 

89.0 

85.0 
77.4 

74.7 

69.8 

65.2 

65.0 

57.7 

62.2 

49.0 

41.8 

33.0 

17.8 
9.8 
0.0 

24.0 

34.2 

45.7 

50.3 

57.1 

65.0 

67.3 

68.7 

70.2 

71.4 

73.0 

74.5 

75.0 

75.5 


pt 

110.3 

106.9 
104.7 
101.6 

95.0 
93.25 
88.8 

66.4 
60.75 

60.1 

59.1 

68.5 
57.85 

56.4 

54.4 

52.6 

51.7 

54.3 

55.3 

56.9 

57.7 

58.4 
60.0 

60.2 

60.4 
61.0 
62.6 
63.95 

87.4 

88.7 
89.2 
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Bi-Cd-Pb-Sn. 

( Cord'd ) 


t 

:pt 

76.4 

91.9 

77.4 

93.65 

78.5 

95.2 

86.2 

102.2 


102.85 

96.5 


98.5 

106.5 


Bi-Pb-Sn 

Rose's metal (* 8 *) 
Bi, 48.90; Pb, 27.54; 
Sn 23.55 


129. & 
L22.5 
117.5 
109.8 
104.1 

97.2 

95.2 

93.5 

93 .4) 
? 2.6 
11.0 

85.0 

78.2 

71.7 

64.7 

61.1 

50.2 

42.8 

38.0 

33.7 

31.1 
28.0 

22.7 

16.7 
7.4 
0.0 

10.0 

20.0 

35.9 

42.7 

48.4 
69.0 

69.2 

85.7 

89.9 

93.5 


I 92.25 

91.7 

91.3 

90.8 

90.25 
90.1 

89.8 

88.15 

86.75 

85.75 

76.15 

72.9 

72.3 

72.0 

71.4 

71.1 

70.25 

69.5 

69.1 

68.3 

68.2 
68.0 

67.1 

66.7 

65.4 

64.4 

65.6 

66.9 

68.8 

69.8 

70.4 , 

70.5 

72.6 

75.06 

76.1 

77.9 


Bi-Pb-Sn-Cd. 

( Cord'd ) 


Cd-Pb; v. Pb-Cd 


Bl-Pb-Sn-Cd 
Lipowitz' alloy (283) 


124.1 

98.6 

111.0 

97.6 

108.7 

97.25 

93.8 

96.85 

88.0 

96.6 

87.2 

96.4 

83.5 

96.4 

75.9 

96.0 

71.7 

95.9 

69.0 

95.25 


t 

69.0 
68.2 

68.0 

67.0 

66.5 

66.0 
61.2 

57.1 

53.1 

50.5 

45.0 

38.6 

33.8 

26.8 

24.0 

23.0 

22.0 

15.0 
4-13.1 

- 4.0 

- 4.0 
0.0 

4 7.8 

10.1 

23.2 

33.0 

39.7 

44.0 

50.8 

56.0 

60.0 
66.0 

72.2 

72.8 
73.5 


Pt 

93.5 
91.4 

74.7 
66.0 

62.3 
62.15 

61.9 

61.4 
61.0 

60.65 
60.2 

59.6 

53.8 

57.66 

56.04 

55.5 
55.3 
54,32 

54.2 

51.9 

51.9 

52.5 

53.3 

53.6 

55.1 

56.4 
57.3 

67.9 

68.9 

59.6 

60.2 
61.0 
63.0 
64.8 

65.5 


CdClj-Cd( 6 ) 

t I O.OOlpi 

0.0 % Cd 
580 *, 532 

/* = -77.5 
g * - 412.5 
700 | 457 

2.11% Cd 
580 | 537 

/• - -81.7 
g* «= 413.9 
700 | 469 

4.51 % Cd 
580 | 545 

/• = -85.0 
g* = 413.9 
700 | 463 

7.38 % Cd 
580 | 558 

/• - -95.0 
g * = 416.7 
700 | 468 

— Oltt 


1000 " 100 ( * 
680) + Io5oo (< “ 580),; 

for a second set of 
mixtures, p's were 1 % 
to 2 % leas than those 
here given. 


Cu-Al; i 

v. Al-Cu 

Cu-Ki (23) 

■ 


Pt 

19 % Ni 

tm - 

ll87 

1187 

53.7 

1200 

53.8 

1250 

54.4 

1300 

55.5 

1350 

57.2 

1400 

69.2 

1450 

62.6 

1500 

66.5 

1550 

70.0 

50.8 

% Ni 

tm - 

1326 

1326 

93.0 

1350 

93.6 

D = 

2.33 

1650 

100.6 

1460 

96. 9 

65.3% Ni 

tm « 

1358 

1358 

136.7 

1400 

138.5 

D = 

4.35 

1600 

147.2 

1460 

140.6 

86.6 % Ni • 

tm - 

.1419 

1419 

120.0 

1460 

120.6 

D = 

■ 2.20 

1650 

| 125.0 


Cu-Pb (24) 
0%Pb 

1100 I 21.52 

D - 0.882 
1500 25.05 

1300 23. 29 

2% Pb . 
1100 | 24.00 

D = 1.10s 


1400 

1300 


27.31 

26. 20 


2.95% Pb 
1100 | 25.06 

D - 1.15? 


1400 

1300 


28.53 

27.37 


16.92 % Pb 
1100 | 42.13 

D a 0.948 


1500 

1300 


45.92 

44.04 


35.98 % Pb 
1100 | 60.82 
D - 1.07? 


1400 

1300 


64.05 
62. 98 


36.30 % Pb 
1200 | 64.29 

D = 0.99o 


1500 

1300 


67.26 

65. 31 


Cu-Pb. — {Cord'd) 

/ I Pt 

39.40% Pb 
1300 | 66. 69 

D = 0.88$ 


1500 


68.46 


88.90 % Pb 


1300 

1400 


124. 20 

127.08 


90.95 % Pb 


1200 

1300 

1400 


121.25 

124. 08 

126.09 


98.0 % Pb 
700 | 113.2 

D = 4.21 


1400 

1300 


142.7 

138.5 


100 % Pb 
700 | 111.8 

D = 4.60 
1200 I 134.8 


Cu-Sb (23) 
2% Sb 
t m = 1070° 


1070 

1100 

1150 

1200 

1250 

1300 

D 

1500 


29.00 
29.24 
29 . 97' 
30.18 
30.62 
31.12 
+ 1.035 
I 33.19 


16.8% Sb 

tm c 


885 

900 

D 

1300 

1000 


885 
84.00 
84.09 
+0.505 
86.11 
84. 59 


23.6 % Sb 
tm = 815 


815 

850 

900 

950 

1000 

1050 

1100 

D 

1200 


104.50 
104.29 
103.99 
103.64 
103. 39 
103.21 
103.19 
0.000 
103.19 


33.3 % Sb 
tm - 639 


639 

700 

750 

800 

850 

900 

950 

D 

1200 

1000 


140.01 

139.18 

138.46 

137.79 

137.10 

136.40 

135.63 

-2.05 

130.60 

134.60 


Cu-Sb.- (Cord'd) 

t | pt 

40 % Sb 


tm a 

= 682 

682 

152.20 

700 

151.70 

750 ‘ 

150.3 

800 

148.97 

850 

147.90 

900 

146.90 

950 

146.14 

1000 

145. 38 

D =** 

— 0.99o 

1200 

1 143.40 

50 % Sb 

tm = 655 

655 

147.00 

700 

146.64 

750 

146.26 

800 

145.90 

850 

145.71 

900 

145.64 

950 

145.63 

1000 

145. 68 

1050 

145.82 

1100 

146.00 

1150 

146.39 

1^00 

146.80 

70 % Sb 

t m - 543 

543 

119.40 

600 

118.40 

D - +2.40o 

1200 

132.78 

1000 

127. 98 

80 % Sb 

tm = 

= 533 

533 

116.44 

600 

118.10 

D = 

+2.40 

850 

124.10 

900 

125.39 

950 

126.70 

1000 

128. 10 

1050 

129.60 

1100 

131.16 

1150 

132.70 

98.85 

% Sb 

tm = 

* 625 

625 

122.9 

650 

123.49 

D = 

2.41 

850 

128.31 

900 

129.60 

950 

130.94 

1000 

132. 36 

1050 

135.90 

Cu-Sn (24) 

0% 

Sn 

1100 I 

21. 62 

D = 

8.82 

1500 | 

25.05 

2% 

Sn 

1100 | 

25. 61 

D - 

1.02o 

1400 1 

28.57 



Cu-Sn.- 

—(Cord'd) 

t 

1 Pt 

4.76 

• % Sn 

1100 

| 32. 71 

D - 

0.92o 

1400 

| 35.47 

20.0 

1 % Sn 

900 

| 58.53 

D = 

0.192 

1300 

59.30 

1100 

68. 92 

1400 

' 59.47 

1500 

59.63 

38.43 % Sn 

800 

74.02 

900 

73.05 

1000 

72.50 

1100 

72.22 

1200 

72.08 

1300 

72.15 

1400 

72.32 

1500 

72.60 

42.5 

% Sn 

800 

74.95 

900 

74.20 

1000 

73.75 

1100 

73. 40 

1200 

73.40 

1300 

73.80 

1400 

73.95 

60 % Sn 

700 1 

67.40 

D = 

1.03a 

1000 

70.50 

1100 

71.76 

1200 

73:10 

1300. 

74.50 

1400 

75.90 * 

80 % Sn 

600 

59.80 

700 

61.90 

800 

63.98 

D = 

2.03? 

1400 

76.20 

1100 

70.08 

100 % Sn 

300 

49 . 45 

400 

51.60 

500 

53.85 

D - 

2.239 

1500 

76.24 

1100 

67. 20 


Cu-Zn ( 24 ) 

0 % Zn 

1100 I 21. 62 

D = 0.88s 
1300 | 23.29 

0.9 % Zn 
1100 I 22. 03 

D = l.OOo 
1300 | 24.03 

3.5 %Zn 
1100 j 23. 13 

D - l.lOo 
1300 | 25.33 
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CnHuOi 

C 11 H 12 O 4 

C 11 H 12 O 4 

C 11 H 11 O 4 S, 

CnHitO« 

CiiHuOe 

C11H1.NO, 

CuHnNO, 

CnH»NO, 

CuHnNO, 

CuHnNO, 

CuHuNOj 

CuHnNO, 

CuHnNO, 

CuHnNO. 

CilHl>N04 

CnHuNOi 

CuHnNO! 

C11H1IN04 

CuHi,N0 4 

CuHuNO. 

CnHuOj 

CuHuOi 

CuHuOi 

C11H14O, 

C 11 H 14 O 1 

CuHuOi 

CuHmO, 

CuHuOi 

CuHhO, 

C11H14O4 

CuHi.N0, 

CuHuNOj 

CuHuNOj 

CuHiiNOs 

CuHuNO* 

•CuHuNOj 

CuHuNO.S 

C11H1.NO4S 

CuHuOi 

CuHuO. 



Electrolyte 

Formula 

Name 

CuHuOi 

Mesityleneglyoxylic acid 

CuHuO* 

Benzylsuccinic acid 

CuHuOi 

1-Monoethyl homophthalate 

CuHuOi 

2-Monoethyl homophthalate 

CuHuOi 

Mesitylenedicarboxylic acid 

CuHuOi 

Methylbenzylmalonic acid 

CuHuO* 

/ u m.-s y m.-Methylphenylsuccinic 
acid 

C 11 H 11 O 4 

m a 1.-8 y m.-Methylphenylsuccinic 
acid 



<£~Table. — The <£- Arrangement. — ( Continued ) 


c- Range 


0.03-0.001 
0.016-0.002 
0 002 - 0.001 
0 004-0 001 
0.016-0.001 
0.016-0.0005 



Pheriylglutaric acid 

or-Monomethyl phenylsuccinate. . . 
/3-Monomethyl phenylsuccinate. . . 
Benzylidenebisthioglycolic acid . . . 

1- Monomethyl hemipinate 

2- Monomethyl hemipinate 

or-Acetylanilinopropionic acid 

Acetyl-o-tolylaminoacetic acid .... 
Acetyl- p-tolylaminoacetic acid .... 

2- M e t h y lbenzoylaminopropionic 

acid 

4-M e thy lbenzoylaminopropionic 
acid 

0- Tolylfluccinamic acid 

p-Tolylsuccinamic acid 

1- Monomethyl 2-dimethylamino- 

terephthalate j 

4-Monomethyl 2-dimethylamino- 

terephthalate ; 

1-Monomethyl 4-dimethylamino- 
isophthalate. 

3- Monomethyl 4-diraethylamino- 

isophthalate 

3-Monoethyl a, a'-dimethylcin- 

chomeronate 

7 -Monoethyl a, a'-dimethylcin- 

chomeronate 

o-Tolyliminodiacetic acid 

p-Tolyliminodiacetic acid 

2, 3, 4, 5-Tetramethylbenzoic acid. 
2, 3, 4, 6-Tetramethylbenzoic acid. 

2, 3, 5, 6-Tetramethylbenzoic acid. 

p-Thymotic aldehyde | 

a-E thy l-/3-phenyl-3-hydroxypro- 

pionic acid 

Mesityleneglycolic acid 

of-Phenoxyisovaleric acid 

Phenylhydroxypivalic acid 

Phenylpropoxyacetic acid 

3, 4- Diethoxy ben zoic acid 

a-o-Toluidinobutyric acid . ... 

a-p-Toluidinobutyric acid 

a-o-Toluidinoisobutyric acid 

3-o-Toluidinoisobutyric acid 

a-p-Toluidinoisobutyric acid, .y . . . 

/3-p-Toluidinoisobutyric acid 

Pse udocumenesulfoneaminoacetic 

v # 

acid 

m-X y 1 e n eaulfoneaminopropionic 

acid 

d-Camphorcarboxylic acid 

J-Camphorcarboxylic acid 


25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 


0.02-0.0008 

0.02-0 0008 
0.03-0.003 
0 002-0 . 0005 
0 . 004-0 . 0005 
0 . 008-0 . 002 
0 008-0.001 
0.008-0.001 
0.008-0.001 
0.005-0.0006 
0 005-0.0012 

0 . 002-0 . 0006 

0 002-0 0006 
0 016-0 001 
0 004-0 .001 

0 03-0 .001 

0 03-0 001 

0 0025-0 0006 

0 002-0 0005 

0 . 01-0 0012 

0 . 01 - 0.0012 
0.005-0 001 
0 003-0 0015 
0 0005 
0 0005 

0.001-0 0005 
0 . 0002-0 0001 

0.03-0 001 
0 04-0.005 
(?) 

0.03-0 001 
0 04-0.0012 
0 001 

0 005-0 0012 
0.004-0.001 
0.005-0 0012 
0 005-0 .0012 
0.005-0.3012 
0.005-0,0012 

0.006-0.001 

0.008-0 001 
0.016-0.001 
0 03-0 0012 


376 

375 

375 

375 

376 
375 


375 


375 

376 
375 

375 

376 
375 
375 
375 
375 
375 



375 

375 

376 
376 



376 

376 

375 

375 

374 

374 

375 
375 
375 
375 


374 

375 


372 


k ( or A<) 


Ao.oa = 258 
8.9 X 10" s 

4.5 X 10" 6 
7.0 X 10-* 

9.6 X 10'< 

2.6 X 10-* 

3.64 X 10 -4 

2.25 X 10-< 

7.62 X 10" 5 
4.8 X 10" 5 
1.05 X 10" 4 
6 X 10" 4 

1.26 X 10- 3 
1.60 X 10- 4 
1 .22 X 10" 4 
2.15 X 10" 4 
2.15 X 10~ 4 

1 . 63 X lO" 4 

1 67 X 10" 4 

2 04 X 10* 5 
1.89 X 10" 



376 (4 X 10"*1 

376 (3 X 10" 7 1 



5.5 X 10" 7 

2 7 X 10" 6 

1.8 X 10" 6 

2.1 X 10"‘ 

2.0 X 10" J 

1.4 X 10" 3 
6 X 10" 4 

1 X 10" 4 

3 X 10" 4 
1 X 10" 4 

3.04 X lO" 4 

2.1 X 10“ 4 
4.66 X 10" 4 

4.5 X 10" # 

4.9 X 10" 4 
3.32 X 10"* 

5.2 X 10"‘ 

1.02 X 10"‘ 

4.8 X 10"« 

3.9 X 10"« 

6.6 X 10"« 
4.0 X 10" 7 

2.44 X lO” 4 

2.40 X 10' 4 
1.74 X 10" 4 
1.74 X 10" 4 


1 (69, 105) 
(577) 
(540) 
(540) 
(105) 
(524) 

(631) 

(631) 

(567) 

(602) 

(540, 602) 
(280) 

(436, 605) 
(436, 605) 
(579) 

(394, 579) 
(579) 

( 200 ) 

( 200 ) 

(436) 

(436) 

• 

(601) 

(60!) 

(601) 

(601) 

(413) 

(413) 

(579) 

(579) 

(451) 

(451) 

(451) 

(204) 

(550) 

(69) 

(57) 

(550) ' 

(195) 

(436) 

(579) 

(579) 

(579) 

(579) 

(579) 

(579) 

(358) 

(358) 

(136, 436) 
(136) 














RESISTIVITY OF NON-MERCURlC AUXDYS 


199 


Pb-Sn («) 

t | pi 
0*76% Sn 


tm * 

» 324 

324 

94.10 

350 

95.21 

400 

97.38 

450 

99.55 

500 

101.80 

550 

104.10 

60Q 

106.42 

650 

108.75 


96.76.%.Sn 


U - 

224 

224 

48.66 

250 

49.13 

300 

50.48 

350 

51.69 

400 

52.91 

450 

54.20 

500 

55.50 

560 

56.80 

600 

58.13 

650 

59.42 

98.35% Sn 

tm * 

« 228 

228 

48.38 

250 

46.90 

300 

50.00 

350 

51.14 

400 

52.30 

450 

53.45 

500 

54.68 

550 

56.00 

600 

# 

67.60 

650 

69.08 

( l50 );c/. (285)* 

5% Sn 

0 1 

19.6 

D = 

840 

288 

43.8 

294 

44.4 

299 

45.7 

306 

50.9 

307 

0 

54.6 

312 

75.9 

315 

82.4 

317 

85.3 

330 

86.0 

D * 

. 4.08 

455 

| 91.1 

10 % Sn 

0 

| 18.2 

D = 

* 8.82 

245 

39.8 

256 

41.2 

265 

42.5 

280 

44.3 

294 

46.9 

306 

78.1 

325 

80.5 

O - 3.51 

436 - 

1 84.4 


Pb-Sn. — (Cont'd) 

t I pi 

20% Sn 
0 | 17.1 

D - 8.34 


175 

31.7 

141 

23.3 

180 

32.3 

168 

25.3 

180 

34.6 

177 

26.2 

180 

36.4 

182 

27.0 

195 

37.7 

182 

36.4 

207 

39.6 

185 

41.3 

211 

40.0 

195 

49.0 

230 

42.0 

205 

52.0 

248 

46.5 

211 

54.0 

260 

53.2 

225 

57.8 

269 

59.0 

234 

58.0 

274 

64.5 

239 

58.6 

293 

73.3 

D = 

2.74 

D = 

■ 3.52 

403 

63.1 

455 

| 79.0 

80% Sn 

30 % Sn 

0 

12.1 

0 

15.3 

D = 

6.39 


D = 


174 

178 

183 

184 
186 
195 
208 
225 
232 
248 
253 
256 
261 
273 
289 


D 


455 


8.05 

29.3 

29.5 

33.0 

35.6 

39.8 

40.7 

42.4 

45.9 

47.6 

54.5 

57.7 

62.0 

65.0 
67.2 

67.5 

3.37 

73.1 


40% Sn 
0 I 14.6 


D = 


135 

140 

156 

164 

175 

178 
•179 

179 
181 
188 
199 
212 
218 
225 
234 
236 
242 
247 


D 


470 


6.30 

23.1 

24.0 

25.1 

25.8 

27.1 

27.5 

30.2 

41.7 

42.7 

43.9 

46.5 

49.2 

52.5 
54.0 

58.7 

60.5 

61.6 

61.9 

3.14 

68.9 


Pb-Sn. — {Cont'd) 
t | pi 

. 50% Sn 

0 | 14.2 

D = 6.45 


169 

180 

182 

182 

183 

188 

190 

195 

200 

205 

215 


22.9 

24.0 

25.3 
26.2 

34.1 

36.4 

38.3 

41.2 
49.0 

51.4 

52.5 


D = 2.82 
364 I 56.7 


90% Sn 

0 I 12.0 


0.66% Sn 
t . = 326 


326 

400 


D 


1000 


93.7 

97.1 

4.52 

124.2 


Pb-Sn. — {Cont'd) 
t I pi 

0.67 % Sn 
t. - 325 


325 

400 


93.0 

96.4 


D 


4.52 
1000 | 123.5 

1.83% Sn 
t. - 321 
92.5 
96.0 


321 

400 


D = 4.45 
1000 | 122.7 

4.86% Sn 
t. = 308.8 


308.8 

400 


90.7 

94.6 


D = 4.23 
1000 | 120.0 

“41.51 % Sn 
t , = 287.5 
287.5 82.3 

300 82.8 

D « 3.99 


1000 

400 


110.7 

86.6 


24.22% Sn 
t. - 263.8 


D = 

5.35 

300 

67.5 

165 

20.8 

D = 2.89 

174 

21.2 

1000 

87.7 

178 

21.6 

400 

70.3 

180 

22.2 

89.47 % Sn 

180 

24.8 

t . = 

207.6 

184 

26.0 

207.5 

48.0 

197 

29.9 

300 

50.4 

206 

35.4 

400 

52.8 

215 

217 

45.8 

49.4 

D = 

2.93 


1000 1 

70.4 

D = 

2.77 

• 

100 % Sn 

390 | 

54.2 

- 

23 2 

0.0 %Sn (197) 

232 

47.6 

t. - 

327 

300 

49.1 

327 

94.6 

400 

51.4 

400 

98.0 

500 

54.0 

D = 

4.62 

D - 

2.92 

000 

1 125 . 7 

1000 | 

68.6 


263.8 

300 

D 

1000 

400 


73.2 

74.4 

3.37 

98.0 

77.8 


40.08 % Sn 
t. m 236.3 


236.3 


65.8 


♦Relative values; 
curves similar to those of 
data here Riven, 

but discontinuity on 
heating occurs near 180° 
in all oases, and the 
upper linear portion be- 
Rlna at 200 to 230°C. 


Pb-Zn (150) 

t I Pi 

2 % Zn 
0 | 18.8 
D = 8.63 
313 45.8 

315 50.2 

315 63.8 

317 72.8 

319 77.3 

320 80.7 

322 84.0 

327 87.0 

357 89 . 1 

380 91.8 

429 94.1 

480 96.4 

510 97.6 

5 % Zn 
0 | 18.5 

D = 8.34 
283 42.1 

315 60.2 

315 79.2 

316 84.7 

333 86 . 7 

354 88.6 

371 90.6 

394 93 . 1 

419 94.9 

438 95 . 8 

462 96 . 4 

488 97.4 

521 98.5 

10 % Zn 
0 | 18.7 

D - 7.16 
289 39.4 

310 41.6 

315 56.3 

315 73.4 

330 75 . 0 

352 76 . 4 

368 77 . 7 

393 79 . 6 

410 80.8 

415 85.5 

4 * 2 86.1 

441 86.6 

470 88.0 

545 91.4 

589 92.6 

20% Zn 


22.0 

60.0 


20.0 

22.2 


D = 7.39 


294 

315 

315 

336 

354 

372 

382 

399 

415 

415 


.39.5 

41.9 

53.1 

70.4 
72.0 

72.8 
74.3 

75.5 

76.2 

83.8 



Pb-Zn. — (Cont'd) 

t | Pi 
20% Zn 


D.> 

= 7.39 

421 

85.2 

445 

85.9 

500 

38.1 

550 

90.0 

605 

92.4 

690 

97.1 

30 % Zn 

17.6 

19.9 

70 

23.1 

D - 7.75 

310 

41.7 

315 

42.3 

316 

44.5 

316 

51.4 

320 

59.0 

330 

70.6 

340 

71.5 

350 

72.2 

360 

73.5 

390 

75.2 

405 

77.0 

415 

77.4 

427 

89.9 

450 

90.5 

471 

91.3 

510 

92.3 

50% Zn 

0 

| 13.9 

D = 

- 6.27 

295 

32.4 

305 

33.3 

310 

41.7 

313 

46.4 

315 

50.1 

316 

52.9 

322 

56.8 

330 

57.6 

355 

69.3 

410 

63.7 

414 

68.2 

422 

72.3 

452 

73 

70 % Zn 

20 

10.9 

100 

14.2 

D - 

4.60 

291 

22.8 

308 

23.6 

316 

24.4 

319 

26.7 

C20 

29.8 

323 

33.9 

327 

38.5 

335 

38.9 

353 

\ 

39.7 

380 

40.8 

400 

41.1 

416 

42 1 

416 

0 

48.4 
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Pb-Zn.- 

-{Cord'd) 

t 1 

Pt 

70% 

> Zn 

D = 

4.50 

429 

52.5 

445 

53.0 

507 

53.7 

00% Zn 

0 1 

6.1 

D = 

2.99 

308 

15.3 

316 

15.6 

318 

17.7 

320 

20.0 

325 

20.4 

351 

20.9 

376 

22.0 

400 

23.0 

410 

23.7 

414 

25.4 

416 

30.8 

416 

35.4 

430 

36.4 

450 

36.4 

468 

36.4 

498 

36.4 

0.00% 

Zn (197) 

t* = 

* 327 

327 

| 94.6 

D = 4.62 

1000 

125.7 

800 ' 

116.4 

0.48% Zn 

t. =* 335 

335 

93.2 

D = 4.77 

1000 

124.9 

800 

115 S' 

1.44% Zn 

t, = 400 

400 

| 94.8 

D = 

= 4.67 

1000 

122.8 

800 

113.5 


2.3% Zn 
t * = 437 
437 | 95.6 



= 4.11 
| 110.5 


Pb-Zi u— (Cord'd) 

t I pi 

3.40 % Zn 
t* = 515 
515 I 97.5 


D 


800 


4.23 
109. 65 


0-44 % Zn 
t* = 587 
587 I 99.1 


D = 4.19 


900 

800 


112.2 

108.0 


7.41% Zn 
f* = 602 


602 


97.0 


D = 3.86 


900 

800 


108.5 

104.6 


11.52% Zn 
t * » 647 
647 | 97.7 

D = 3.83 
900 107.4 

800 103. 6 

17.68% Zn 
t* = 727 
727 I 90.2 


D = 2.51 


900 

800 


94.55 

92.0 


20.38 % Z> 
t*' - 783 
783 | 87.7 

D = 2.48 


900 

800 


90.6 

88.1 


100% Zn 
t, =» 419 
419 | 35.30 

D = 0.105 

800 | 35. 70 

♦Temperature at 

which separation occurs. 

% 

Sb-Cu; v. Cu-Sb 


Sn-Cu; v. Cu-Sn 


Sn-K (23) 


t 

1 Pi 

0.16 

%K 

U = 245 

245 

49.02 

250 

49.1 

300 

50.09 

350 

51.08 

400 

52.58 

450 

54.18 

500 

56.00 

550 

57.90 

Sn-Na (23) 

0.14% Na 

tm = 

= 231 

231 

47.61 

250 

48.18 

D = 

3.03 

500 ! 

55.75 

Sn-Pb; 

v. Pb-Sn 

Sn-Sb (23) 

1.22 

% Sb 

tm = 

= 234 

234 

48.16 

250 

46.10 

300 

49.88 

350 

51.16 

400 

52.40 

450 

53.69 

5*V 

54; 95 

550 

56.28 

600 

57.62 

Sn-Zn (23) 

0.55 

% Zn 

/„ * 232 

232 

47 . 58 

250 

48.02 

D = 

» 2.65 

650 

| 58.61 

0.95 

% Zn 

500 

| 54.15 

D = 

■ 2.3o 

650 

| 57 . 60 

Zn-Cu; 

i>. Cu-Zn 


Zn-Pb; v. Pb-Zn 


TABLE 4.— EFFECT OF HEAT TREATMENT UPON 

RESISTIVITY OF STEELS 

Certain commercial steels are indicated by “'Key” numbers; 
Chrome 1 to 8, 30, 31; Martin Assailly 9, 10; Holtzer crucible 11, 
12, 14, 16; Imphy crucible 13; Allevard electrical 16; Edgar Allen 
crucible 17; Molybdenum 18, 19; Tungsten 20 to 24, 32; Whit- 
worth mild 26, 26; Manganese 27, 28; Silicon 29. Data for single 
temperatures have been placed in Table 2, q.v. Unit of p = 10 -4 
ohrn-cm; temperature = l, °C. 


1. Effect of reheating; carbon steels (for analyses, see original 

papers); t = 25°C («); cf. (<«, 1*1) 
l 


C ' 

0 04 

0.30 

0.35 

0.41 

0.57 

0.76 

0.945 

1.05 

tQ 

8 

OO 

o 

908 3 

908° 

908° 

908° 

903° 

903° 

903° 

PQ 

11.10 

16.04 

17.63 

18.46 

21 >41 

30.95 

36.82 

40.07 

tDr 

PDr 

100 | 

10.93 

15.65 

17.16 

17.76 

19.84 

25.72 

28.82 

30.62 

205 

10.74 

14.78 

16.37 

16.7$ 

17.69 

22.15 

23.08 

23.83 

309 

10.67 

• 

13.91 

15.28 

15.61 

15.97 

19.67 

19.77 

19.87 

38£ 

10.73 

1 3 . 68 | 

15.05 

15.11 

15.58 

18.94 

18.94 

18.97 

495 

10.73 

13.27 

14.85 

14.88 

15.11 

18.32 

18.28 

18.42 

599 

10.73 

12.88 

14.49 

14.59 

14.75 

17.16 

17.19 

17.86 

696 

10.66 

12.74 

14.41 

14.55 

14.05 

16.50 

16.50 

17.29 

800 

10.70 

13.13 

14.55 

14.58 

15 05 

17.43 

17.29 

.17.46 


t = 20 °C (48); 

; cf. («) 


t » 20°C ( 88 ) 

c* . 

0.94 

1.04 

2.71 

Ct 

1.29 

1.29 


892 9 

892° 

892° 


800° 

tl50° 

PQ 

35.95 

41.92 

52.59 

PTp 

29.68 

45.35 

for 

PDr 

u 

PA 

10$ 

27.97 

33.02 

42.65 

100 

27.45 

43.61 

195 

22.40 

25.73 

32.49 

200 

20.92 

38.33 

295 

19.42 

21.82 

27.41 

.300 

18.47 

26.38 

400 

18. <17 

20.62 

26.17 

350 

16.77 

19.52 

492 

17.60 

19.92 

24.92 

400 

16.96 

18.97 

600 

16- fa 

19.60 

24.21 

600 

16.40 

17.55 

700 

16.19 

19.03 

22.57 

700 

16.40 

17.25 

800 

17.23 

19.08 

20.82 

925 

16.40 

17.25 


II. Variation with temperature of tempering and of quenching; 
carbon steels, 0.8% < C < 1.2%; p Q - pq/ = 0.04(tg - 800)C 
if 800° ^ l Q ^ 1100°; k j, = 800° (»<>, *»>).' 


*Tp | 

710° 

740° 

810° 

850° 

950° 

1000° 

PTp/ PA 

1.0 

1.3 

2.1 

2.2 


2.2 

PTp/ PA 

1.0 

a 

1.3 

1.6 

2.1 

3.0 



Alloy steels, composition Hoo% 


t « 15° (> 65 . »66) 


p for trp 


C 

0.&4% 

1.13% 


Key K | 

Cr 

Si 

Mn 

t 

c 

0°§ 

| 750° 

| 850° 

1100° 

1 

250 

27 

23 

50 

19.5 

19.5 

29.2 

40.9 

2 

• 

280 

27 

21 

82 

21.5 

28.0 


66.7 

3 

240 

36 

21 

107 

24 

31.2 

36.0 

72 0 


Key || 


t 


20°(218) 


800° I 900° 950° 1050 


4 

882 J 

25 

0 

10 

6 

1724 

34 

tr. 

13 

6 

2742 

42 

tr. 

8 

7 

1018 

34 

5 

75 

8 

2934 

22 

0 

31 


60.82 

52.71 

57.45 

48.25 

66.30 


49.2052.71 
57.23 60.63 
57. 45157.94 


47.50 


57.50 



t - 20° (21 
Mn I Si 


66 .43j68.31 
P for /tp 
750° I 850 


( 218 ) |Mo 


+ » 


S I C I 800° 


18 

119 

« 

18 

6.5 

72 

30.34 

19 

253 

16 

6.3 

77 

39 01 


39.00 


52.71 

65.26 

59.50 
62.42 

67.50 


9 

36 

1 

0.9 

' 11 

13.30 

14.31 


10 

47 

tr. 

2.2 

17 

11.11 

13.28 


11 

12 

8 

3.4 

30 

14.26 

13.49 

15 60 

12 

14 

11 

2.5, 

37 

15.17 

19.40 


13 

14 

9 

2.2 

56 

16.83 

20.54 


14 

14 

8 

1.3 

88 

16.84 

28.72 

35.7911 

15 

10 

4 

0.9 

108 

16.62 

26.35 

36. 281f 

16 

20 

12 

2.7 

130 

20.08 

31.32 


17 

48 

27 

3 8 

204 

25.12 

40.16 

46.87 


1000 ° 

14.36 
13.13 
16.07 
19.65 
23.60 

38.05 
48. S8 
54 70 

105<f 

42 33 
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Key 80 to 82 follow next section — (Mo, Mn, Si, C) steels. 

S, 2.5; P, 1.6; As, 2.0; N, 0.4 (Moo%); t - 16 to 20°C; h* - 550°C 

after *q « 800°C (* 88 . 269) 


Mo 

Mn 

Si 

Pel 

PAott 

£A 

PTp 

PQsoott 

PQuoott 

PR 

103 

22 

5 

20 


13.48 

14.22 

16.00 


14.18 

105 

23 

9 

45 


14.77 

16.86 

21.00 


17.40 

102 

27 

12 

87 

17.46 

18.55 

20.26 

36.3 


21.00 

no 

25 

12 

122 

18.65 

19.54 

21.15 

39.53 

45.31 

23.10 

218 

22 

6 

25 


13 .55 

17.93 

16.5 

18.96 

18.66 

218 

27 

8 

44 


14.97 

19.47 

20.1 

24.82 

20.66 

219 

26 

8 

88 

15.85 

16.13 

20.10 

33.44 


22.90 

211 

24 

7 

121 

17.76 

18.47 

20.80 

38.52 

48.66 

24.80 

254 

21 

12 

136 


20.13 

22.40 

41.5 


31.30 

411 

24 

4 

19 


14.95 

19.12 

16.82 

23.66 

20.22 

401 

20 

4 

49 

i 

* 4.89 

19.52 

19.54 

34 . 04 

24.60 

400 

23 

5 

87 

15.15 

15.53 

19.88 

26.95 

36.42 

25.70 

402 

23 

4 

106 

16.18 

16 . 92 

19.78 

36.03 


27.10 

801 

22 

5 

14 

23.48 

23.70 

25.25 

25.23 

32.73 

25.83 

817 

27 

6 

36 


15.32 

18.79 

17.2 

34.03 

19.00 

811 

25 

8 

45 


14.38 

19.06 

17.5 

37.38 

28.00 

785 

23 

4 

78 

15.28 

15.38 

19.92 

22.07 

46.07 

27.40 

792 

23 

8 

113 

16.85 

16.13 

19.50 

36.2 

55.57 

22.60 


For Fe-Mo-Si-S-C, v. Key 18, 19. 
f « 15° (»««» 1«6) 


p for t Tl 



19 05 | 21.071 

III. Effect of forging and hardening in oil (12 8 ); t = 0 °C 



27 

28 
29 
80 

81 

82 


C 

32 
89 

67 
130 

68 
53 
69 

136 


Mn 

44 
16 
473 
874 
69 
30 

3 

4 


Si 

4 
8 
61 
9 

344 
22 
13 
4 


62 

120 


P 

4 
2 
8 
7 
13 
4 

4 

5 


53.68 

69.93 

61.63 

20.16 

17.91 

22.49 


PA 

14.46 
15.59 
39.28 
63 .16 
61.85 
19.42 
18.49 
22. .50 


PH 

13.00 
16 95 
55.56 
70.66 
61.95 
27.08 
30.35 
22.74 


♦ For C < 0.94, data from (4*) agree well with thoee given above for («•). 
t Contain* alao: 0.07Mn, O.lfiSi, 0.006P, tr. 8. 

X In thia eaee, S - 0.11 %, P - 0.11 %; in all other specimen* of (*»•) they 

are lees. 

1 *Td ■■ Q indicates value before tempering. 

>Key indicate, type of .teel: 1 to S. 80, II - Chrome; 9. 10 - Martin 
Ajanilly; 11, U, 14, If - Holtaer crucible; IS - Imphy crucible; If - Ailevard 
jQaetrieal; 17 - Edgar Allen crucible; 18, It - Molybdenum; SO to 84, SI - 

Tungsten; 88. M - Whitworth mild; 87, 88 - Manganese; 89 - Silicon. 

7<Tp - 900°. 

** For Fe-Mo-Mn-Si-C, v. below, 
ft 0 QW*Qim«] “ tQ when *q - 800° [1200°]. 

U Carbide annealed. Drastio annealing for carbide analyais, kept at 9fi0°C 
lor io hr and cooled over 86 hr. 

TABLE 5. — ADDITIONAL REFERENCES 

The papers here listed cannot he readily abstracted. Except 
lor the named alloys, the papers are listed solely with reference to 
t e individual metals contained in the alloys studied. 


Ag (88, 87, 84, 85, Of, 186, 181, 

l *8, 188, 881, 881) 

A1 (•, 88, 87, f 4 , 10f 814 866, 
896) 

As (T|, 888) 


Au (84, 95, 96, 100 , 156, 181 , 

1 88, 185, 281, 251) 

Bi (7, 84, 88, 168, 247) 

C (84, Hi) 

Cd (881, 287) 


Co (»4, 827) 

Cr («4, 120) 

Cu ( 8 , 39, 43, 59, 79, 94, 96, 99, 

100, 143, 145, 156, 185, 214, 
227, 228, 231, 251, 257, 286) 

Fe ( 8 » 25, 26 , 70, 94, 100 , 108 , 

114, 115, 116, 214, 274, 278,* 

3 ° 2 ); v. also Mn-8teel, Ni - 
8 teel, Steel 

Hg (22, 1 87) j oigQ Amalgams 

If (84, 185) 

K (22, 197) 

Mg (36, 205) 

Mn (84, 100 ) 

Na ( 22 , 197) 

Ni ( 8 > 44, 59, 77, 94, 120, 145, 
156, 214, 251, 274, 302, 

P (228) 

Pb (7, 22, 94, 100, 168, 197, 231, 
247) 

Pd (»4, 96, 149) 

Pt (57, 94, 96, 185) 

Rh (84) 

Sb (84, 96, 99, 143) 

Si (H6) 

Sn (7, 39, 94, 96, 186, 231, 247) 

T1 (ioo) 

W (»4) 

Zui (32, 39, 94, 96, 157, 197, 247, 
251, 866, 286) 


Amalgams ( 18 > *°» 82, 253, 

*292) 

Brass (20 4, 2 5b) 

Chromel (32) 

Comet ( 3 2) 

Constantan (17, 272) 

German silver ( 2, 4) 

Mangariin (2, 17, 32, 171, 196, 

233, 234, 255, 289, 291) 

Mn-steel C 164 ) 

Monel (207) 

Nichrome (259) 

Ni-steel (42, ioe, 107) 

Steel (5, 11, 15, 16 , 28 , 29, 42, 

53, 78, 106, 107, 109, 115, 163, 
164, 206, 213, 248, 256, 274, 
278) 

Therlo (32) 

Low melting point alloys ( S6 ) 
Telegraph wire ( 280 ) 

Resistance at low temperatures 

(62, 63) 

Temperature coefficients ( 261 ) 

Effect of stress (32, 256,271,272) 

Theoretical (41, si, 97, 98, 101 , 

157, 177, 213, 243, 244, 257, 
263, 275, 294) 

Miscellaneous ( 6 2, 63, 74, l s l, 

188, 201, 256, 270) 

Bibliographies (35, 94, 239) 
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INTERNATIONAL CRITICAL TABLES 


Resistivity (p) of binary alloys. (For other and more accurate data, 
stc Table 2.) The symbol of the metal common to the alloys of a 
chart is enclosed in a square, and the abscissae = Wt. % of the other 
metal. Unit of P = 10» ohm-cm. 


40 


P 


Au 


Pt 


(See 0i,Cu,Pb) 


Sn 



Cu 


600 


00 


100% 


40 


100 % 


P 


400 


(See Fe) 


(See Bi,Te) 


200 




100 % 



p 


Mg 


Sn 

_ Mi 


100% 


Pe 


Ca 


v 0 20 40 60 80 100 % 

f For (Co, Foi) and (Fe, Co») the material*! were pure, for (Co? Fet) 
(Fe, Co») they were not; pee Tabic 2. Fe-Co (■ *•) ■»•<! Fe-Co-x ( ). 








K 


P 


fa- 


Vor AUMn: At 10.4 % Mo, p - «X>; mt 4«.0% Mn, p 


iTl 


o - 
0 


too % 
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For Te-Ag, continuous lines correspond to pa. broken to p/ (cooled rapidly 
from melting point). 



r For Sn-Te: At 90% To. p - 2780 


Temperature coefficient (a) of resistivity of binary alloys. (For 
other and more accurate data, see Table 2.) The symbol of metal 
commoi f o the alloys of a chart is enclosed in a square, and the abscis- 
sae = Wt. % of the other metal. Unit of a = 0.1 % per 1°C. 
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tt Curve for Tl(Bi) is for ao at 0°C, cf. Table 2, Bi-Tl. 
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Eiectrostriction. — In general, when an isotropic dielectric is 
subjected to an electrostatic field E , its volume and form are 
changed. This phenomenon is known as dedrosiriciion. The 
same kinds of effect occur in anisotropic dielectrics, but in them 
these effects are in many cases obscured by the far larger electro- 
crystallic ones described as piezoelectric (seep. 208). In electro- 
strictive effects, the tensions tending to stretch any element of 
the dielectric are proportional to E 2 and to d«/dx, where c = 
dielectric constant and x is the amount of stretching in the direc- 
tion considered. In general, d«/dx depends upon the inclination 
of x to E) it may be either positive or negative, depending upon 
the nature of the dielectric ( 2 ). There are similar forces tending 
to move the dielectric bodily in such a way as to increase the 
integral value of tE*, and if,the dielectric is solid and if the field is 
produced by the charging of electrodes supported by it, then it 
will be subjected to the pressure arising from the mutual attraction 
of the electrodes. Deformations resulting from these two types 
of forces should not be classed as electrostrictive, although one or 
the other enters into many measurements of eiectrostriction. 

Electrostrictive effects are generally derived from observations 
of the change in dimension of a condenser of which the dielectric is 
the substance to be studied (*1 14, 20, 80, 67, 63, 74, 75, 82, 96, 
97 > i* 7 ). If l is the dimension considered, A l is the increase in l 
under action of the electric field, and if p is the corresponding 
elastic modulus, then pAf/IE* depends solely upon the con- 
figuration of the system, and upon e and its variation with Ai. 
The changes (A/) are very small and the sources of error are 
numerous; consequently the results obtained are frequently quite 
discordant and at times even qualitatively contradictory. 

For summaries and discussions, v. (*o» 50, 79, 82 , 82 ); f or recent 
developments, V. ( 2 i *°i 14, 33, 34, 55, 57, 74, 75, 92.5, 123); for 
bibliography, v. (i°» i°°). 

Table 1. — Electrostriction 

The following data are based upon the change in dimensions of 
a condenser when it is charged. This change frequently increases 
rapidly for several seconds; the values tabulated are presumably 
those approximately constant ones corresponding to an application 
of the field for 15 to 40 sec. 

In column (2) the type of the condenser is indicated (c =* 
cylindrical, s » spherical, p =» plate) and the quantity corre- 

1 This section deal* with data pertaining to eiectrostriction, piesoelectricity 
and pyroelectricity.' AD unite are of the cgse system unless the contrary is stated. 


sponding to / in the formula below is stated; c, = cylindrical 
condenser with electrodes supported by the dielectric. 

Rontgen ( 93 ) found that all liquids expanded under the action 
of E; Quincke ( 81 > 84 ) found that some contracted, the contraction 
for (CiH 6 )jO, almond oil, and rape oil being marked. 

For air and C0 2 , Gans ( 35 ) found a reduction in pressure in an 
electric field, in rough agreement with the value predicted by 
theory. For other work with gases, v. ( 20 > 50 * 66 » 82 ). 

For other experimental work, v. ( 2 » 20 > 34 , 35, 55, 57, 63, 66, 69, 
70, 82, 96, 9/, 127). 

A I/IE* = A X 10“*. Unit of A X 10“" =J 1 cm* cgse - * = 
l.lla X 10“ 5 cm 1 volt - *. • 


Dielectric 

Condenser 

A 

n 

Lit. 

Glass* (1) 

c«, length 

5.2 

13 

(10) 

(2) 

length 

5.6 

13 

(10) 

(3) 


1.3 

13 

(84) 

(4) 


2.3 

13 

(84) 

(5) | 


5.7 

13 

(18) 

(6) 


4.4 

13 

(19) 

(7) 


7.1 ’ 

13 

(19) 

(8) 

s, volume 

2.6| 

7 

(84) 

Paraffin X (1) 

c «, length 

8.4 

11 

(10) 

(1) 

c, length 

9.4 

11 

(10) 

Ebonite § 

c,, length 

5.8 

12 

(10) 



to 




- 

1.15 

10 

(10) 


c, length 

6.5 

10 

(10) 



1.0 

9 

(10) 

Rubber || (1) 

p, thickness 

6.7 

9 

(10) 

(2) 

p, thickness 

5.4 

9 

(10) 

(3) i 

p, thickness 

7.6 

9 

(10) 


* Values for (1) and (2) obtained 15 sec after application of E; at 2 or 3 sec 
after application of E, A is only 4. From data obtained (»**» »«•) with various 
glass tubes, electrodes not supported by the glass, Adams ( a ) deduces SrfiAl/lB* - 
-1.35 to -3.78; r. alto (»«» «*. to, too). 

t Flint glass. A*/oF* is unchanged by a variation of E in the ratio of 1 to 5. 

t Values 35 to 40 sec after application of E\ at 5 seo after application of E, 
A is only 4. Temperature, 24°C. Both recorded values are for same tube. 

1 Various specimens of the c« group have been treated so as to vary n(l.7 X 10* 
to 27 X 10*); the products of A X 10~* by the corresponding values of n are 
constant (-0.18). For the c group, m lay between 1.3 X 10* and 1.7 X 10*. 

|] (1) and (2) are vulcanised “para-normal” rubber; (3) is unvulcanised pure 
rubber. The volume of the plate does not change when E is applied. 
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Piezoelectricity. In general, when an anisotropic dielectric 
having no center of symmetry is mechanically strained, it becomes 
electrically polarized; the direction and magnitude of the polari- 
zation (P) depend upon the nature of the crystal, upon the nature 
and amount of the strain and upon the direction of tne strain with 
reference to the axes of the crystal. Conversely, when such a 
dielectric is subjected to an electric field (E), not only are stresses 
of an electrostriet ive nature set up in it, but also others which are 
usualh much larger and which depend upon both the direction and 
magnitude of E. 1 hose effects are described as piezoelectric. 
The production of polarization by strain is called the direct effect; 
the other is the converse effect. 

From experiments with calcite (CaC0 3 ), dolomite (CaMgC 2 0«), 
beryl (BcsAl;Si c On», topaz (ALFjSiCL), barite (BaS0 4 ), and 
celestite (SrS0 4 ), \oigt ( 120 ) concludes that crystals possessing a 
center of symmetry may possess “central-symmetrical” piezo- 
electricity. Also some investigators have observed what appears 
to be a piezoelectric effect for certain apparently non-crystalline 
substances such as beeswax and resin ( 3 » 28 ), sheet rubber ( 12 , 85)^ 
ebonite, glass, hornoid, sealing wax, celluloid and paraffin (12), 
but it is difficult to determine how much of the observed effect is 
due to frictional electricity and to the presence of very small 
piezoelectric crystals. The observations (85) l ea d to a value of the 
order 10~ s for the strain-constant d for sheet rubber; this is nearly 
a thousand times as gri*it as the value for most piezoelectric 
crystals. 

II Ex, P v , l\ are the components of the polarization (electric 
moment per unit of volume), E Xy E v , E„ the components of E; 
T *\ '/v. etc., the six strain components; X xt Y v , etc., the six stress 
components; then 


Pi - Cur, -f ^12 y v C\ 3 z. -+- e\ A y, + e\& x 4 - 

— Pi = du A x + dnY y -f d n Z t -f d XA Y , -f d^Z x -f d\*X t 
I he expressions for the components P v , P t are obtained from 
that for P x by changing the first digit “ 1 ” of the subscript of each 
c to 2, and to “3/ respectively: — P„, — P, are obtained from 
- f, i by changing similarly the subscripts of each d. For the 
converse effect: 


Xz * d\\E x 4 d 3 \Ey 4 " duE, 

X x = e\\E x 4 " CuEy 4 * CuE t 

1'he other five equations of each set ( y v , z„ y, } z x , x v ; and Y v , Z„ 
I x, r 6i> A'y) are obtained in order from these by changing the 
second digit (1) of the subscript of each d (or e) to 2, 3, 4, 5, 6, 
respectively. The d's and e’s are called the piezoelectric constants, 
the d’s being the strain constants and the e’s the moduli : they are 
mutually related by equations involving the elastic constants of the 
crystal (81, 82 , 91, 1 1 7) # Excepting triclinic asymmetric crystals, 
in each special case certain of these 18 parameters are necessarily 
zero. Those which may not be zero are indicated in Table 2. 

\\ hen the polarization is parallel to the stress producing it, it is 
described as a longitudinal effect; it exists only when one or more 
of the constants with subscripts II, 22, 33 are finite. 

When the polarization is perpendicular to the direction of the 

strain producing it, it is described as a transverse effect; it exists 

whenever one or more of the constants with subscripts 12, 13, 21, 

23, 31, or 32 are finite, and also for certain directions of the stress 

when one or more of the constants with subscripts 14, 25, 36 are 
finite; v. (is, 21, 25, 83, 117). 

Owing to the smallness of the effect and to various sources of 
error such as twinning, 1 faulty orientation of crystal, plate being 
studied, presence of impurities, etc., the data available are in most 
cases somewhat discordant. For many substances, our exact 
knowledge is limited to the fact that the piezoelectric constants 
are not all zero. 

For full bibliography, including applications, v. ( l6 ); for recent 

l Partially twinned crystal* show a reduced piesoelectric effect; complete 
twinning removes the piezoelectric property altogether. 


summary of information regarding piezo- and pyroelectricity, v. 

( 36 ), for description of piezoelectric phenomena, general theory, 
and bibliography, t/. ( 2 ®, 21, 24, 81, 82, 91, 117 ) ; f or more 

formulation of theory, v. (7, 9, 11, 37, 48, 99, lio, 111, ill). f or 
applications to high-frequency circuits, v. (15, 17, 27, 38, 58, 67* , 78, 
98 ); for equations giving value of P for a pressure applied in an 
arbitrary direction, v. (® 2 » 91, 103 , 117)- f or representation of P 
by means of piezoelectric surfaces, v. (1, 4, 51, 91, 103, 117); f or 

effect of hydrostatic pressure, v. (b7) ; (56) ; f or discussion of 

second-order effects, v. (82, 117, 119) # 

A list of crystals for which piezoelectric effects have been 
observed, and their constants, are given in Table 3. 

Table 2. — The Piezoelectric Constants Present for Each 
Class of Crystals Possessing the Piezoelectric Property 

Excepting the plagihedral cubic class (H7), a p 0 f the 21 classes 
of crystals having no center of symmetry are piezoelectric. 

The parameters are denoted by their subscripts in accordance 
with the scheme of equations. A repetition of a subscript 
for any crystal class indicates that for this class the corresponding 
parameters have the same value. In writing the equations 
for t he five trigonal classes, a factor 2 must precede each d corre- 
sponding to parameters 16 and 26, in all other cases the equations 
are written as above, those parameters corresponding to blanks in 
the table being necessarily zero. 

Hex. = hexagonal, Rho. = rhombic, Mon. = monoclinic, 

P = polar 

The coordinate axes are assumed to be orthogonal, to form a 
right-handed system, and to be directed as indicated in the foot- 
notes. 

True polar pyroelectric effects (p. 209) may be exhibited by 
classes 2, 4, 6, 9, 12, 14, 15, 17, 18, 19; for class 19, P X} P yt and P, 
are all present ; for 18, only P B and P v are present; for all the other 
classes, only P, exists. 
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* i-ain coincide* with the e-axi* of 8-fold §ymmetry; where polar, the + direction i* direction 
of the polarization produced by heating the crystal. The yaxi* i* X to a face of the first order 
prism. 

t r-axis coincide* with the e-ax is of 3-fold symmetry. The yaxis and the + direction of the 
*-axi a are a* for hexagonal (*. *). Polarisation of class 7 i* not changed by hydrostatic pressure. 
t Coordinate axe* i. y‘t coincide, respectively, with crystallographic axes a, 6, c. 

§ r-axis |] e-axis; r-axis || b-axia; yaxi* lies in obtuse angle between the o- and e-axes. 

|| Only the tetrahedral (1«) and the tetartofcedral (la) classes are piesoelectric. 

H Only the asymmetric class is piesoelectric. No convention regarding directions of axe* of 
coordinate*. 
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Pyroelectricity. — The electrical polarization (P) of many sub- 
stances is changed when the temperature of the substance is 
changed; this phenomenon is described as pyroelectric. bP/bt is 
called the pyroelectric constant of the substance; it decreases with 
the temperature and perhaps vanishes at absolute zero. 

Several types of pyroelectricity are distinguished. The most 
marked pyroelectric effects are exhibited by those crystals which 
have a vectorial (polar) structure defining, not merely a line, but a 
definite direction along that line. The type exhibited by such 
crystals is called the polar or vectorial type of pyroelectricity ; it is the 
type commonly associated with the word “pyroelectric.” This 
type can be exhibited only by crystals belonging to the classes 2, 
4, 6, 9 r 12, 14, 15, 17, 18, and 19 of Table 2. Another type, in 
which the effects are much smaller, is known as the central or 
lensorial type; it may be exhibited ( 82 > 91 » 1* 6 > l* 7 » 120 , 121 ) bv 
changing uniformly the temperature of crystals which have a 
certain type of tensorial symmetry; this type of symmetry occurs 
in every crystal class except those of the cubic system. 

As crystals which are pyroelectric are also piezoelectric, the 
deformations accompanying changes in temperature give rise to 
polarizations of piezoelectric origin. These false pyroelectric 
effects are superposed upon the true pyroelectric effects which 
result solely from changes of temperature, effects due to accom- 
panying strain being eliminated. In general, any piezoelectric 
crystal, when deformed by a change in temperature, whether 
uniform or not, exhibits false pyroelectric effects. Those pro- 
duced by non-uniform heating are the more common and are 
called the false pyroelectric effects of the first kind, those pro- 
duced by uniform heating being called the false effects of the 
second kind. As the false effects are generally much greater than 
the true, it is difficult to determine the latter. Indeed, the true 
pyroelectric effect has been investigated only for tourmaline and 
its existence for that substance is questioned. The magnitude of 
the pyro effect observed depends markedly upon both the surface 
and the volume conductivity of the specimen (®l> 9 *» H4 # 117). 

The converse, or “electro-caloric,” effect (the change in tem- 
perature resulting from the application of an electric field) has 
been detected ( 58 » l02 i U 7 ). 

For general discussion of pyroelectricity, v. ( 2 °i 41, eo, si, 82 , 
83,91,117)- f or it 8 molecular theory, v. ( 6 , 7 , 8 , 20 , 82 , 83 , 91 , 


110 , 112 , 11 7 ); most complete quantitative data are byAckermann 
(*), discussed by Boguslawski ( 6 ). 

For data for specific substances, see Table 3. 

In addition to the substances tabulated below, both pyro and 
piezo effects have been observed (2 3, 30, 82 , 91, 117 , 120 , 1 2 1 ) j n 
the following crystals possessing a center of symmetry: topaz 
(ALFjSiCb), barite (BaSO<), beryl (BeaALSieOis), calcite (CaCOj), 
dolomite (CaMgCjOc) and celestite (SrSO<); and by means of a 
high frequency method, in which the orientation of the axes of the 
crystal could not be determined, traces of the piezoelectric effect 
have been found ( 38 ) in the following crystals: proustite (Agr- 
AsS a ), urea (CH4N2O), ammonium oxalate (N 2 H 8 C20 4 ), asparagine 
(C 4 H 8 N 2 OS.H 2 O), ammonium acid tartrate (NH 4 HC 4 H< 0 «) 
pentaerythritol (C&H 12 O 4 ), tetraethylammonium iodide (N(CjH*) 4 - 
I), triphenylmethane (CH(CJD a ), potassium acid tartrate 
(KHC 4 H 4 O 6 ), magnesium sulfate (MgS 04 . 7 H 2 0 ), ammonium acid 
phosphate (NH 4 H 2 PO 4 ), sodium tartrate (Na 2 C 4 H 40 6 ), sodium 
sulfoantimonate (Na 3 S4Sb.9H 2 0), nickel sulfate (NiSCL.bILO) 
and zinc sulfate (ZnS 04 . 7 H 2 0 ). For other crystals, v. (43, 43.5, 
44 , 45, 46, 49, 64, 65, 68). For piezoelectric effects with appar- 
ently non-crystalline substances, v. p. 208. 

No observation of either kind of effect was found recorded foi 
crystals of classes 3, 5, 8, 10, 11, 13, 14 (v. Table 2). Of the other 
classes, no direct piezo observation was found recorded for classes 
2, 4, 9, 12, 15, 18, 19, but all crystals which exhibit pyro effects are 
also piezoelectric. Crystals of class 7 are not excited by hydro- 
static pressure. 

The numbers in the column “C. S.” indicate the crystal class of 
the substance, in accordance with the numbers of Table 2. The 
presence of the mark “ 1/ ” in a column indicates that the corre- 
sponding effect has been actually observed, but the numerical 
value of the constant is not known with certainty; if the detected 
pyro effect is necessarily a “false” one, the “ ^ ” is replaced by 
an “f;” blanks indicate that no record of observations was found. 
In column “C” is the symbol indicating the piezoelectric strain 
constant which has the value A X 10~ 8 , A being the value adjacent 
to the symbol. For example, for tourmaline at room temper- 
ature, dj3 = 5.78 X 10~ 8 (es /cm 2 ) /(dyne/cm *). Units are cgse. 
Data for pyro effect refer to the total effect, the sum of the “true” 
and the “false.” 


Table 3.— A List of Substances fob Which Either Piezo- or Pyroelectric Effects Have Been Observed; Together 

with Their Constants at Room Temperature 


Formula 


Variable 


Ba(CHOj)i 

Ba(Sb 0 ),(C 4 H 40 # ) s .H a 0 
(Be, Mn, Fe) 7 SiiOi»S 
C 

C.H^O* 

C 4 H 406 

C«H|,N,0 9 

C.H.N.Ot 

CftHjOt 

CeHijO* 

C*HuO|.H|0 

C*H„C1N 

C 7 H 7 B 1 O 4 

CioHuNO 

C»oHuBr»0 


Substance 

Tourmaline (y. Table 4) 

Barium formate 
Barium antimonyl tartrate 
Helvite 

Diamond 

Methylene diisonitramine methvl ester CH 

(NjOa.CHi)j 

Tartaric acid 

Ammonium tartrate 

Picric acid 

Resorcinol ; ; 

Quercitol 

d-Rhamnose (isodulcitol) 


Triethylamine hydrochloride 

Bromo8hikimilactone 

Carvoxime CjoHh.NOH 

Carvone pentabromide 


C. S. 


Pyro 


bP/bt 


Lit. 


6 

i:i } 

( l ) 

16 

■ f 

(45) 

12 


(104, 113) 

la 

f 

(43, 43.5) 

la 

0.0* 

(113) • 

15 

1/ 

(81, 109) 

17 

7.5 

(4 7) 

17 

2 84§ 

0 * 47 ) 

15 

1/ 

(13) 

15 

7.7 

(47) 

17 


(81) 

17 

f 3.63 | 

1 0.505 / 

(47) 

2 

\s 

(42) 

4 

1/ 

(107) 

17 

v 

(81) 

17 


(122) 


33 


33 + 


Piezo 


5.78 



Of 


6.4 


Lit. 


(89, 115) 

(45) 

(SI, 113) 
(43, 43.5) 
(113) 


(103) 

t 38 ) 

(38) 


* Value ia relative to tourmaline (kind not epeciSed) an unity, t No trace of pieioelectricity. J r Table 7 . 
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Table 3. — ( Continued ) 


Formula 


C, v Hi;NO 

CijHjiOu 

C | iH;;0 1 i.HjO 
CnH 10 O 2 
Ci«Hi s O 

CjsHjcO 

Ca\l,Si,O, 0 .3H 2 O 
2 Ca 0 .Al-. 03 . 3 Si 0 3 .H 3 0 
3CfljPjOj.C.iF 1 
K,C 4 H 4 0 4 .JH 2 0 
KBrO, 

KjS.O, 

KLiSO* 

(KLiSOOi -F (KLiCrOO 
(KLiSOOis + KLiMo0 4 
K 2 S04 4- Li,Cr0 4 
KLiScCL 

KNaC 4 H 4 0 4 .4H 2 0 

Li 2 S0 4 .Hi0 

Li2Sc04.H 2 0 

LiNa,(Mo0 4 ) 2 .GH J 0 
Li N aS0 4 (an hyd rous ) 
LiNa 3 (So 04 )j. 6 HjO 

GMgO.8BjOi.MgCl: 

NaBrO, 

NaClOj 

NaI0 4 .3Hj0 

Pb(CHOj), 

Pb(Sb0.C4H 4 0 4 ) : 

RbjC4H 4 0 4 

SiOt 

Sr(CHOi), 

Sr(HC4H40 4 )i.4H 2 0 

Sr(Sb0.C4H40 4 )r 

SrSj0 4 .4Hj0 

2ZnO.SiOj.HjO 


ZnS(0) 


Substance 


C. S. 


Pyro 


Piezo 


6P/bt 


Lit 


Fcnchoncoxime 

Saccharose (cane sugar) 

Lactose 

Benzil 

Phenyl p-tolyl ketone C^H 4 .CO.CfH 4 .CHj 

Patchouli camphor 

Scolecite 

Prehnite 

Fluoroapatite 

Potassium tartrate 

Potassium bromate 

Potassium dithionate 

Potassium lithium sulfate 

Mixture 

Mixture 

Mixture 

Potassium lithium sclenate 


Rochelle salt (v. Table 6) 

Lithium sulfate 

Lithium sclenate 

Lithium trisodium molvbdate 

* 

Lithium sodium sulfate 

Lithium trisodium selenate. . . 
Boraeiteil 


Sodium bromate 
Sodium chlorate 


Sodium periodate 

Load formate 

Lead antimonyl tartrate 

Rubidium tartrate 

Quartz (v. Table 5) 

Strontium formate 


Strontium acid tartrate. 


Strontium antimonyl tartrate 

Strontium dithionate 

Calamine (hemimorphite) . . . . 


Sphalerite 



17 
17 

17 
7 
G 
7(?) 

18 

15 
4 

17 
6 
7 
4 
4 
4 
4 
4 

16 

17 
17 
G 
G 
G 
la 

h 
h 

9 
16 
4 

7 

•• 

4 

16 
19 

* 

4 
7 

15 

1. 


0 53 


0.99 

v 

\/ 

5 9G§ 
v 

f 

4 . 86 § 
v 
v 
v 
v 


23. 2§ 
17 . 1 7 § 

v 

2 3 § 
5.38§ 
0 07* 

f 

f 

1 / 

f 

v 

0 . 50f * 
f 

0.73§ 

6.7* 

v 

i 

5.0* 

0.13* 


(81) 

( 47 ) 

(81) 

( 5 ) 


(92, 108) 


( 47 ) 

108 

(“) 

(>» 47 ) 

(IO 7 ) 

(46) 

(>> 47 ) 

(105) 

(105) 

(105) 

(105) 

(110, 111, 

112 ) 

f 1 . 47 ) 

(>. 47 ) 

(113) 

0» 47 ) 

(». 47 ) 

(32, 113) 

(46) 

(23, 31, 

32, 46) 
(46) 

(45) 

(106) 

(31, 113) 

(45) 

(1,47,113) 

(106) 

(46) 

( 113 ); cf. 

(23) 

(30, 32, 
113) 


djit 


d. 


di 


j d. 4 

1 d 14 


23 


du 


t Ux 

dn 


d<[ 


Lit 


- 10.2 


24 


(51) 

(113) 


0.14 (H3) 


(38) 

(46) 


340 to 1180 (80) 
8100 (ill) 

(38) 


14 


(113) 


-4.8 


8.2 

-6.9 


(23, 24, 
113) 

(46) 

(23, 32, 46) 

( 45 ^ 

(113) 

(22, 95) 
(45, 


(46) 


4.8 


(113) 


} v. Table 8. || Isotropic if < > 205°C. For prewure along an axis of 3-fold •ymmetry; the resulting polarisation i* in lame direction. 


Table 4. — Tourmaline: Pyro- and Piezoelectric 

Constants 

• *4 ^ 

The z-axis coincides with the ternary (optical) axis of the 
crystal, and the z-axis lies in any one of the three planes of trigonal 
symmetry. The positive direction of 2 passes through the end of 
the crystal which becomes charged positively when the crystal is 
uniformly heated. This end is called the “analogous” end of the 
crystal; frequently it is not possible, by mere inspection, to deter- 
mine which is the analogous end 0 24 ). The opposite end is 
called the antilogous end. The values found for the constants 
vary considerably from one specimen to another; in general, those 
for the darker specimens are the smaller in numerical value. The 
permanent electrical polarization along the z-axis is about 8 X 10 4 
cgse (87, 90 , 9i) j hydrostatic pressure increases it about 8 X 10"* 


cgse per barye (®8). Whether tourmaline exhibits true py^“ 
electric effects is doubtful; Voigt ( ll4 i ll7 ) thought the true effect 
amounted to 20% of the total, but Rtfntgen ( 94 » I18 ) and Lind- 
mann («») decided that it is too small to measure. The values 
given below represent the total pyroelectric effect. Writing 
6P/61 =* a -f 26(1 - lo), where P - the polarization along the 
z-axis, and t and t 0 arc final and initial temperatures, values of a 
varying, with the specimen, from 0.52 to 2.03, and of 6 vaning 
from -0.000256 to +0.0117 were found («•»•*); experiments 
extended to t * 160°C. For pyroelectric data, v. (>» 8I » 83 » » 

H3,U7) ; for piezoelectric, v. (•>• 8 », *ii H«» ,,8 » ,,7 » 12 )• 
P « polarization, T - absolute temperature, An X 10 • - an, 
etc.; Bn X 10 4 «= e»* etc. (t>. p. 208). Unit of T - 1°K; of P , a, 
e «=» 1 cgse unit of appropriate kind. 
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Pyroelectric IP/ST 


T 


B. G.* 

Y. G.* 

R. R.* 

23 


0.04 

0.08 

0.08 

88 


0.142 

0.289 

0.300 

198 


0.652 

0.974 

0.982 

253 


0.935 

1.205 

1.219 

274 


1.005 

1.243 

1.270 

293 


1.060 

1.281 

1.313 

(293) 


1 057f 

1.275f 

1.324f 

352 


1.170 

1.337 

1.404 

372 


1.187 

1.350 

1.426 

408 


1.217 

1.381 

1.460 

488 


1.268 

1.490 

1.544 

578 


1.381 

1.669 

1.723 . 

648 


1 . 525 

1.865 

1.943 


L. G.{ (»«) 


T 

20.5 

79 

194 

273 

313.5 

291 

bP/bT 

0.037 

0 20 

0.66 

0 96 

1.10 

1.135 


Piezoelectric Constants || 


An 

11 .04 




Bn 

7.40 

A 12 

-0.69 

-0.94 



Bu 

-0.53 

A 1 1 • « • 

0.74 

0.96 



£.1 

3.09 

A 32 

5.78 

5.4 

5.4 

5.6 

B it 

9 60 

Lit 

( 89 , 115 ) 

( 94 ) 

( 113 ) 

( 7l ) 

Lit 

( 89 , 115 ) 


* B. G. — blue-green, Y. G. - yellow-green, R. R. =■ roae-red. Data from 

0 ). 

t Data from ( 47 ). 

$ L. G. — light-green, data from ( 94 ). With darker specimens he found 
values only 83 % of these; discussed in (**•). 

| From (■•) for 5 green Brazilian specimens: 5 P/bT ~ 1.13-0.0104(7’ — 
291). 

|| Vary but little with changes in pressure and temperature; between 20°C 
and the temperature of liquid air (**) and for pressures up to 22 inegabarye 
( 7I ), the variation of du lies within the limits of experimental error. From 
theoretical considerations, Keys ( 54 ) concludes that, for tourmaline, the adiabat- 
ic piezoelectric constants, corresponding to suddenly applied stress, are 1.5 
times as great as the usual isothermal ones, d it - An X 10~», etc.; «u - Bit X 
10«, etc. 


Table 5. — Quartz: Pyro- and Piezoelectric Constants 

• m • ***’" 

For information regarding all properties of SiOj, v. ( l01 ) 

The z-axis coincides with the crystallographic c-axis of 3-fol<f 
symmetry, the y-axis is _L to a face of the hexagonal first order 
prism, and, in dextro crystals, the + direction of the x-axis is 
outward through one of the faces (commonly denoted by s) of the 
trigonal pyramid; in levo crystals, the direction of the x-axis with 
reference to the s-faces is reversed; in each case, the + direction of 
the y-axis is such as to form a right-handed system of orthogonal 
axes. At 573°C, ordinary Si0 2 (trigonal, trapezohedral), known 
as “a-quartz,” becomes transformed to “ /3-quartz ” (hexagonal, 
trapezohedral) and loses its pyro- and piezoelectric properties 
(li, 37, 77, ioi). Owing to its crystal form, SiOj can have no 
“ true ” pyroelectric properties; bP/bt is approximately proportional 
to the absolute temperature ( 7 3) f and at room temperature is 
about half as great as the value for tourmaline ( l13 ). Twinning 
is common; dextro and levo crystals have equally strong electrical 
properties; hence, specimens which are completely twinned are 
not piezoelectric. 

Quartz is not electrically excited by hydrostatic pressure. The 
value of dn is probably unchanged by pressure parallel to x-axis; 
Nachtikal ( 71 ) found it to decrease by 0.16% per megabarye, but 
Rdntgen and Joff6 ( 95 ) found it was not changed by 0.4% by a 
pressure of 18 megabarye, and according to Karcher (* 3 ) it 
remains constant to within 0.1% for pressures £ 3450 megabarye. 


At room temperatures du is practically independent of temper- 
ature. There is some evidence that it increases by about 20% as t 
goes from room temperature to 60°C, and then with a further 
increase in ( it gradually decreases until at 573°C it vanishes 
( 26 . 5 , 7 », 82, 86 , loi). On cooling it reappears. On cooling from 
+ 17 to — 193°C, du decreases by 1.2%; cooling from —193 to 
— 253°C causes a change ofless than 0.2% ( 73 ). Ze ( ,27 ) reports 
that the piezoelectric deformation of quartz reaches a saturation 
value at a field intensity of about 520 cgse units. In the following, 
the best values are printed in bold-face. Unit of du and du = 
10“ 8 cgse; of «n and eu = 10 4 cgse. 


dn 

Lit 

-6.32 

( 21 , 25 ) 

-6 c 
( 26 ) 

1 -6.45 

( 89 ) 

-6.27 

( 80 ) 

-6.54 

( 71 ) 

-6.3 

( 113 ) 

-6.31 

( 47 ) 

-6.90 

( 22 ) 

du 

Lit 

-6.94 

( 95 ) 

Ia51 

du 

Lit 

+1.7 

( 101 ) 

+ 1.45 

( 89 ) 

+ 1.93 
( 80 ) 

eu = —5.10 
eu =—1.35 


Piezoelectric Resonators. — From the density (2.654 g cm"*) 

and the elastic constants ( 117 ) of quartz, the natural frequencies 

(y) of compressional vibrations parallel to the edges of a quartz 

parallelepiped cut with its edges a, b, c parallel to the crystal 

axes x, y, z, are v x = 2.70 X 10 5 /a, v v = 2.70 X 10 >/b, and y, =* 

3.08 X lOVc cycle per sec if the lengths of the edges are a cm, b cm, 

and c cm. In each case the wave-length of the elastic wave in the 

crystal is twice that of the corresponding edge. Through the 

agency of du, the vibrations along x and y may be directly 

excited by a high-frequency electric field applied parallel to 

x. Also, through the same du, a transverse, or shear, mode 

of vibration may be excited by a high-frequency field parallel 

to y, the fundamental frequency being v xy = 1.79 X 10 6 /6 

cycle per sec. This vibration depends upon the rigidity 

of quartz for torsion about the z-axis. In all of these 

values for the frequency the effect of sectional area is ignored, 

but the computed frequencies agree fairly well with those observed; 
V. also ( 16 . 26 , 81 , 95 , 117 ). 


Table 6. — Rochelle Salt (KNAC 4 H«06.4H a 0): Pyro- and 

Piezoelectric Constants 


Axes x, y, z coincide, respectively, with crystallographic axes 
a, b, c. Electrical properties are complicated and are greatly 
affected by changes in temperature and humidity, and by the past 
history of the specimen; great differences between individual 
specimens (*•» 52 , 72, no, 111, 112). Valasek (HO, ill, 112) 

thinks it has “true” pyroelectric properties although the crystal 

form indicates that they can not exist; his computations ( 110 ) 

indicate a permanent electrical polarization of the order of 50 

cgse units; v. also ( 23 ). Rochelle salt (potassium sodium tartrate) 

is not electrically excited by hydrostatic pressure; its d u is the 

largest known piezoelectric constant; v. especially (72). Unit of 

du, d 26 , and d Jfl = 10 -8 cgse. Note: In other tables the unit, or 
common factor, is 10 -8 . 



-70 

-50 

-30 

-20 

-10 

0 

10 

20 

30 

40 

0.17 

0.17 

0 65 

10.8 

60.7 

67.5 

74.2 

81.0 

10.8 

4.1 



The maximum is much greater than that recorded by any othet* 

observer. Later observations (H 2 . 5 ) indicate that with increasing 

t, d u increases rapidly from a very low value to about 23 at — 20°C, 

increases slightly from -20 to +25°C, and then decreases rapidly! 

Between —60 and +30°, d» and d« increase linearly with t , their 

rates being, respectively, 6.8 X 10 ~ 9 and 3.1 X 10-*° cgse unit 
per 1°C (U 2 . 5 ). ^ 

Near 20°C, Pockels (*<>> finds du = 3.40 to 11.80; d J5 = -1.65 
and d a6 = 0.35. 9 

From these data and the elastic constants (««•*) it is found that 

= 56 X 10 4 to 194 X 10 8 , e u = -5.33 X 10* and e, # « 4.34 x 
10 4 cgse units. 
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From the density (1.767 g crti”*) and the elastic constants 
(66.5) the velocity of compressional waves in a bar of Rochelle 
salt (rut with its length perpendicular to the j-axis and at 45° with 
the y and z axes is found to be 3.98 v X 10 s cm/sec. Hence, natural 
frequency ( v ) of such vibrations in a bar a cm long is 1.99 X 10 s /a 
cycle per sec; experimental values may be expected to differ 
rather widely from this value ( 17 ). 

Table 7. — Piezoelectric Constants of Tartaric Acid (C<H«Ot) 

and of Cane Sugar (CkHhOu) 


Room temperature; precision about 3%; system = monoclinic 
polar, du = Au X 10" 8 ; etc. Unit of d = 1 ogse. 


Formula An A u An 

An j An | An | An An Lit. 

C«H«0« 

Ci?Hi?On 

-24 

1.27 

28.3 

-12.6 

28.5 

-7.2 

-36 5 
3.75 

1 95 

2.21 

5 . 9 

4 4 

6.4 

-10.2 

3.8 
— 2.62 

(I0J) 

(SI, 


Table 8. — Pyroelectric Effect: Variation with 

Temperature (>) 


T = absolute temperature, °K. Unit of bP/bt = 1 cgse unit 


T 

23 

88 

198 

253 

274 

293 

293* 

| 352 

Formula 

bP/bl 

Sr(HCiH 4 Oe) a .- 

\ 








4H:Of 

0.04 

0 12 

0 45 

0.64 

0.69 

0.728 

0.73 

'0.825 

NaLiSO* 

0.12' 

0 29 

0.88 

• 

1 63 

2.03 

2.26 

2 31 

2.74 

CiH I2 N 2 0 6 t ... 

0.15 

0 31 

1.18 

2.41. 

2.58 

2 84 

2.84 

3 42 

KLiSOi 


0.69 

2 50 

4 09 

4.51 

4.85 

4.88 

5.35 

NajLi(Se0 4 )i.- 









6H 2 0 

0 35 

0.93 1 

2.94 

4 58 

5.07 

5 38 

5.38 

6 37 

K 2 C 4 H 4 0s.- 








* 

iH 2 Ot 

0 39 

1 00 

3.32 

5.10 

5 60 

5 96 

5.98 

6 89 

Li 2 Se0 4 .H:0.. . . 

0.92 

2 30 

9.87 

14.54 

. 

16.00 

17.17 

17.14 

19.35 

Li*S0 4 .H 2 0. . . 

1 21 

3.81 

12 24 

8 

<N 

00 

23.27 

23 18 

26.90 


* ( 47 ). t Tartrate, t Ammonium tartrate. 


LITERATURE 

(For a key to the periodicals see end of volume) 

( l ) Ackermann, 8, 46: 197; 15. (*) Adams, 3, 28: '889; 11. (*) Adams, 143, 

104: 469; 27. ( 4 ) Bidlingmaier, Dies., Gottingen, 1900. (*) Bodowig, 8, 

168: 232; 76. (•) Boguslawski, 83, 16: 28*3, 569, 805; 14. ( 7 ) Born. 00, 

7: 217; 21. Alomlhcorie dee festen Zustandes. Leipzig, Teubner, 1923. 
(•) Born, 63, 13: 125; 22. (*) Born and Borman, 8, 62: 218; 20. 

( ,0 ) Bouchct, Thesis, Paris, 1919. ( n ) Bragg and Gibbs, o, 101: 405; 25. 

( 1 *) Brain, 67, 36: 81; 24. ( ,J ) Brugnatelli, 04, 14: 274; 95. (* 4 ) Bruhnt 

and Pautbenier, SI, 6: 1; 25. (* ») Cady, 529, 10 : 83; 22. (> •) Cady. 520, 

16: 521; 28. ’ (» 7 ) Cady. 48. 10: 475; 25. ( 1 • ) Cantone, ££. 4: 344, 471; 

88. ( ,# ) Cantone and Sozzani, 69, 12: 155 ; 00. 

( so ) Chwolson, Lehrbuch d. Physik, IV. Braunschweig, Viewcg und Sohn, 
1925. ( Jl ) Curie, Oeuvres. Paris, Gauthicr-Villara, 1908. ( ,J ) Curie, 
Traill dr. RadioaclitiU, I. Paris, Gauthier-Villars, 1910. ( ll ) Curif and 
Curie, 34. 91: 383; 80. (* 4 ) Curie and Curie. 61, 1: 245; 82. (*») Curie 

and Curie, 51, 8 : 149; 89. (*•> Czermak, 75. 1217; 87. (*•-•) Dawson, 


2, 29: 532; 27. (* 7 ) Dye. 07. 36: 399, 457; 26. (*•) Eguchi, tl9, 1: 169; 

20. (2 ») Fray ne, 2, 10: 97; 22. 21: 348; 23. 

( 30 ) Fried'l, 101 , 2: 31; 79. ( 3 »> Fricdd and Curie, 191, f: 282; 82. 34, t«: 
1202, 1 3S9; 83. ( 33 > Kricdel and Curie, 97: 61; 83. 191, 6: 191; 83, 
( 3J ) Frivnld, Fy*i*k tuhskn/t, 20: 119; 22. 63, 12 : 603 ; 21. (* 4 ) Frivold 
and ilnssrl, 03, 24: S2; 23. ( 3 *) Cans, 8, 11: 797; 03. (*•) Geiger And 
School, Handbuch d. Physik, XIII. Berlin, Springer, 1928. (* T ) Gibbs. 

6, 110: 443; 26. ( 38 ) Giebo and Schcibc, 06, 33 : 760; 25. (*•) Giebe and 

Scheibe, 00, 34: 347; 25. 

( 4 ®) Giebo and Srhcibc, / 01, 47: 380; 26. ( 4 ») Groth, Physikalitche KrystaUo- 

oraphie. Leipzig, Lngclmann, 1905. ( 4l ) Groth, Chemitchc Krystallo- 

graphie. I. Leipzig. Engelmann, 1906. ( 4J ) Hankel, 211, 11: 549; 84. 

( 43 - 8 ' Hankel. 94, 9: 414; 84. ( 44 ) Hankel, 8, 19:818; 83. (<*) Hankel. 

211, 14: 469; 99. ( 44 ) Hnnkcl and Lindenberg, 211, 16: 359; 93. 11: 9; 

95. ( 47 ) Hayoahi, Dibs., Gottingen, 1912. ( 44 ) Heckmann, 96, 83: 646; 

25. ( 4 *) Hintxe, Handbuch der Mineraloyie. Leipzig, Veit, 1897. 

( so ) Hirsch, in BOO, I. (»«) Holman, 8, 29: 160; 09. (»*) Isely, 2, 14 : 569; 

24. (»>) Karcher, 31 A, 18: 257; 22. 143, 194: 815; 22. (* 4 ) Keys, 3, 

48 : 999 ; 23. (*») Klicfoth, 96, 39: 402; 26. (»•) Koch, 8, It: 567; 06. 

( 97 ) Kemble, 2, T: 614; 16. (*•) Lange, Dias., Jena, 1905. (••) von Laue, 

06, 34: 347; 25. 

(•°) Licbisch, Grundriaa der physikalischen Krytiallogr aphis. Leipzig, Veit, 
1896. (•*) Lindman, 8, 62: 107; 20. ( 4J ) Lissauer, Dits., Munich, 1907. 

(• *> Lorbcrg, 8, 21: 300; 84. (* 4 ) Lucas, 51, 4: 491; 23. ( 4S ) Lucas, 34, 

178: 1890; 24. ( 4 «) Mache, 76, 107: 708; 98. (•••*) Mandell, 6, 116: 623; 

27. (« 7 ) Meissner, 520, 15: 281; 27. 07, 7: 585; 26. 8: 74; 27. (••) 

Miers, 260, 10: 273; 94. (•») More, 5. 60: 198; 00. 24 527; 01. 

( 70 ) More, 3, 6: 1; 03. 10: 670; 05. ( 7 «) Nachtikal, 188, 1899: 109. ( 7 *) 

Nicolson, 129, 38: 1467; 19. ( 7J ) Onncs and Beckman, 168, No. 132 i. 

64P, 16: 1380; 12. ( 74 ) Pnuthenicr. 61, 6: 312; 24. ( 7S ) Pauthenier, 34. 

182: 121; 26. ( 74 ) Perrier, 149, 41 : 492; 16. ( 7 7 ) Perrier and dc Mandrot, 

34, 176: 622. 1000; 22. ( 7 ») Pierce. 05, 59: 81; 23. 80 : 271; 25. ( 7 ») 

Pockcls, Arch. Math. Phys., 12: 57; 93. 

(••) Pockcls, 188, 1694: 1. (•>) Poekels, in B76, IV. (•*) PockeJs, in 

Encykloixidie der Math. Wits., V. Leipzig, Barth, 1907. (•*) Poyntin* 

and Thomson, Textbook of physics, IV. London, Griffin, 1920. ( ,4 ) 

Quincke, 8, 10: 161. 513; 80. 19: 545; 83. (••) Richards* », *2: 122; 

23. (••) Riecke. 8, 28: 43; 86. (* 7 ) Riecke, 8, 81: 889; 87. (••) Riecke, 

8, 40: 264; 90. (••) Riecke and Voigt, 8, 48; 523 ; 02. 

( 90 ) Riecke, 63, 13: 409; 12. (*») Riecke, m B90, L (•*) Riees and Rose, 

524, 1843: 59. (*»•») Rocard, 61, 8: 385; 27. (•*) Rontgen, 8, 11: 780; 

80. (» 4 ) Rontgen, 8, 48: 737; 14. (•*) Rontgen and Joffb, 8, 41: 449; 13. 
(»•) Sacerdoto, Thetis, Paris, 1899. 61, 8: 457; 99. (* 7 ) Sacerdote, 51, 
10: 196; 01. (••) Scheibe, Z. /. HochfrequenHechn., 28: 15; 26. (••) 

Schrodingcr, 76, 121 Ila: 1937; 12. 

t‘®0) Shearer, 2, 14: 89; 02. (>•*) Sosman. B01. ( lox ) Straubel, 188, 1902: 

161. ( ,0J ) Tamaru, 63, 6: 379; 05. («« 4 ) Traube, 188, 1892: 362. (» 04 ) 

Traube. 100, 1892 H: 58. 1894 I: 171. ( ,04 ) Traube, 190B, 8: 269; 93. 

(»° 7 ) Traube, 94, 23: 577; 94. (">•) Traube, 190B, 9: 134; 95. ( I#t ) 

Traube, 94, 29: 595; 98. 

(»«*) Valasek, 2, 17 : 475, 21. (‘ * • ) Valasek, 2, 20 : 639; 22. (*»*) Valasek, 2, 

19: 478, 529; 22. (>»*••) Valasek, 160, 65: 235; 27. (» 7 ») van der Veen, 

Thesis, Delft, 1911. (« 1 4 ) Voigt. 8, 66 ; 1030; 98. (»>») Voigt, 188, 1898: 

166. (»>•). Voigt, 188, 1905: 394. ( ,l7 ) Voigt. Lehr buck der Krystall- 

physik. Leipzig, Teubner, 1910. (* 1 •) Voigt, 8, 46 : 221; 15. (**•) Voigt. 

8, 48 : 433; 15. 

(**«) Voigt. 03. 17: 287, 307; 16 («**) Voigt, 63, 18: 59; 17. (***) Wallacb, 

13, 288: 119; 95. (»*>) Webb, 1, 48 : 2589 ; 26. C 14 ) Worobiev, 94, 

263;00. (»»•) WQllnerand Wien, 8, 9: 1217; 02. (‘ »•) WQllner and Wien. 

8, 11 : 610; 03. (« * 7 > Zo. 51, 9 : 13; 28. 


THERMOELECTRICITY 


213 


THERMOELECTRICITY 

A. E. Caswell 


Consents 

Thermo emt and thermoelectric 
power of elementary sub- 
stances. 

Thermoelectric power of couples 
of pure Fe and Pt. 

Thermoelectric power and 
thermo emf: alloys. 

Thermoelectric power: steels. 

Thermo emf: carbon steels. 

Thermoelectric power: oxides 
and sulfides. 

Effect of stress upon thermo- 
electric properties: metals. 

' Effect of stress upon thermo- 
electrical properties of Al, Fe, 
and Sn. 

Effect of longitudinal magnetic 
field* and of tension upon 
thermoelectric properties of 
metals. 

Effect of magnetic field and of 
tension upon thermo emf of 
bimetallic circuits. 

Peltier coefficient: directly 
observed. 

Peltier coefficient: directly 
observed variation with tem- 
perature. 

Peltier coefficient of bismuth: 
directly observed effect of 
a magnetic field. 

Thomson coefficient: directly 
observed. 


Matieres 

Thermo- fern et pouvoir ther- 
mo^lectrique des sub- 
stances 6l6mentaires. 

Pouvoir thermo^lectrique des 
couples de Fe pur et Pt. 

Pouvoir thermo£lectrique et 
therm o-fem : alliages. 

Pouvoir thermo^Iectrique : 
aciers. 

Thermo-fem : aciers au carbone. 

Pouvoir thermo^lectrique: 
oxydes et sulfures. 

Effet de la tension sur les pro- 
pri6t£s thermo^lectriques: 
m6taux. 

Effet de la tension sur les 
propri<5t4s thermo6lectriques 
de Al, Fe et Sn. 

Effet d’un champ magn^tique 
longitudinal et de la tension 
sur les propri6t£s thermo- 
dlectriques des m<5taux. 

Effet du champ magn6tique et 
de la tension sur la thermo- 
fem des circuits binuHal- 
liques. 

Coefficient de Peltier: directe- 
ment observe. 

Coefficient de Peltier: variation 
avec la temperature directe- 
ment observ6e. 

Coefficient de Peltier du bis- 
muth: effet du champ mag- 
netique directement observe. 

Coefficient de Thomson : 
directement observe. 


If two metallic conductors, M and R, are connected in series so 
as to form a closed circuit, and if one junction is kept at the 
temperature, 0°C and the other at the temperature, t(t j* 0), 
there will be a thermo emf mEr around the circuit. By contention, 
mE r is regarded as positive if the current so produced flows from 
M to R at the junction which is at 0°C. R E M = - M E R ; U E R + 
rE s =» mEr. mQr = duEs/dt is called the thermoelectric power 
of M with respect to R. As a current I passes through a junction 
from R to M an amount of heat ( mPr)I = T( M Q R )I is absorbed 
per second; yP R is the Peltier coefficient of M with respect to /?, 
and T is the absolute temperature corresponding to t. If M Q R 
is negative, so is mP r, and heat is evolved when current flows 
from R to M. The equations are valid for any consistent system 
of units; in particular, if E is expressed in volts and / in amperes, 
the heat is expressed in joules. If, in an unequally heated homo- 
geneous conductor, a current, /, flows from a point where the 
temperature is f, to another where it is t h t 2 > t lf an amount of 


Inhaltsverzeichnis 

Thermoelektromotonsche Kraft 
und thermoelektrische Kraft 
elementarer Stoffe. 

Thermoelektrische Kraft von 
Paaren mit reinem Fe und Pt. 

Thermoelektrische Kraft und 
thermoelektromotonsche 
Kraft: Legierungen. 

Thermoelektrische Kraft: 
Stahle. 

Thermoelektromotonsche 
Kraft: Kohlenstoffstahle. 

Thermoelektrische Kraft: 
Oxyde und Sulfide. 

Einflu8s mechanischer Krafte 
auf die thermoelektrischen 
Eigenschaften: Metalle. 

Einfluss mechanischer Kr&fte 
auf die thermoelektrischen 
Eigenschaften des Al, Fe und 
Sn. 

Einfluss des longitudinalen 
magnetischen FeMes und der 
Dehnung auf die thermo- 
elektrischen Eigenschaften 
der Metalle. 

Einfluss des magnetischen 
Feldes find des Druckes auf 
die thermoelektromotorische 
Kraft bimetallischer Systeme. 

Peltier-Koeffizient: direkt 

beobachtet. 

Peltier-Koeffizient: direkt beo- 
bachtet Anderung mit der 
Temperatur. 

Peltier-Koeffizient des Wismuts: 
direkt beobachteter Effekt 
eines magnetischen Feldes. 

Thomson-Koeffizient: direkt 

beobachtet. 


Indice Paqk 

Fem termica e potere ter- ' 
moelettrico di elementi. 214 

Potere termoelettrico di 
coppie di ferro e platino 
puri 215 

Potere termoelettrico efem 
termica: leghe 215 

Potere termoelettrico: ac- 
ciai 222 


Fem termica: acciai al 

carbonio 224 

Potere termoelettrico: os- 

sidi e solfuri 224 

Azione di uno sforzo sopra 
le propriety termoelct- 

triche: metalli 225 

Azione di uno sforzo sopra 
le propriety termoelet- 
triche di Al, Fe, Sn 220 


Effetto di un campo mag- 
netico longitudinale e 
della tensione sopra le 
propriety termoelettriche 

dei metalli 226 

Effetto del campo mag- 
netico e delle tensioni 
sopra la fem termica 
di circuiti bimetallici . . . 220 
Coefficiente di Peltier: os- 
servato direttamente. . . . 227 
Coefficiente di Peltier: 
variazione con la tempe- 
rature osservata diretta- 
mente 228 

Coefficiente di Peltier nel 
bismuto: . osservazione 
diretta dell’effetto di un 

campo magnetico 228 

Coefficiente di Thomson : 
direttamente osservato. . 228 


heat H = j ladt will be absorbed per second, apart from the 

usual Joule heating effect, c is the Thomson coefficient of the 
metal in question; it may be either positive or negative. Denot- 
ing by a subscript the metal to which v refers, = 

— T (6 7 mE r/31 1 ). 

All four quantities, M E Rt mQr, a ,Pr and ** are profoundly 
affected by anything which alters the structure of the metals to 
which they refer. They are greatly affected by impurities, heat 
treatment, drawing, rolling, pressure, tension and magnetization 
Only very rarely will identical thermoelectric curves be found for 
two couples formed from the same pair of metals. 

For a bar cut from a crystal, the value of Q will, in general, 
depend upon the direction which the length of the bar makes with ! 
the axis of the crystal. When Q does depend upon this direction 
the bar, unless cut parallel to one of the principal thermoelectric 
axes, exhibits another distinct thermoelectric property, in virtue 
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of which the longitudinal passage of an electric current through the 
bar is accompanied by an absorption of heat at one side of the bar 
and an evolution of heat at the opposite side, the two sides being 
kept at the same, or essentially the same, temperature. This is 
known as the transverse Peltier effect. (For a rectangular bar of 
Bi cut with its length at 45° to the axis of the crystal, distance 
between sides which became unequally heated = 1.55 mm, dis- 
tance between other two sides = 2.64 mm, it was observed that 
M = 0.267 C C per ampere of longitudinal current, the bar being 
exposed to the air and at room temperature ( ,6 ).) Conversely, 
a difference in temperature of the two sides gives rise to a longi- 
tudinal emf. 

Table 1. — Thermo Emf and Thermoelectric Power of 

Elementary Substances 

mKr = at 4- Hb<*( 10 )” a + Jr 3 cJ 3 (10)“ 5 + d; one junction at 0°C. 
mQr = d(. v £*)/d< = a+ b((10)- J -f- cP{ 10)~\ 
nP n - T(mQr) = Peltier coefficient; difference in the Thomson 
coefficients is (<r.vr — or) = Td(uQ r) / df; T = absolute temper- 
ature corresponding to temperature t. The tabulated coefficients 
apply for all values of t between t, and t 2 . For other notation, 
see introduction. 

The numbers in the “Error" column indicate the possible 
departures (±) of observed value of E from that calculated bv 
means of the coefficients; unit is 1%, unless another is indicated. 

— 0 38 ) 

The expression ^ / indicates that the quantity varies from 

— 0.38 to —0.53. Unit of E = 1/jv = 10“* volt; L, t 2 = centigrade 
temperature, °C. 


M 


R 


Error Lit 


Ar 

A* 

Ar 

An 

Al* 

Al* 

Al« 

Al 

Au 

Au 

Bi 
Bt« 
B f 
Bi 
Bi 
Bi» 
Bi* 
Bi** 
Bi* 
Bi* 
V 
C 
Ca 
Ca* 
Cd 
Cd* 
Cd* 
Cd 
Cd 
Ce* 
Co* 
Co 
Co 
Co 
Co 
. Ca 
C a 
Ca 
Ca 
Ca 


Pb 

Pb 

Pb 

Pt 

Pb 

Pb 

Pb 

Pt 

Pb 

Pb 

Pb 

Pb 

Pb 

Pt 

Pt 

Cu 

Cu 

Cu 

Cu 

Cu 

Pb 

Pt 

Cu 

Pb 

Pb 

Pb 

Pb 

Pt 

Pt 

Cu 

Cu 

Cu 

Cu 

Cu 

Pt 

Pt 

Pt 

Pt 

Pb 


200 

0 

0 

0 

200 

0 


-f 100 
+ 200 
+ 100 
4- 000 
+ 100 


0 

-260 

0 

-200 
-200 
0 
0 

+300 
+ 20 
+ 20 
+ 20 
+ 20 
+ 20 
-200 
0 
0 
0 

-200 
0 
0 
0 

+320 
0 
0 

+340 
+580 
0 
0 

-200 
- 75 
+ 27.4 
-183 



+ 200 


+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 1 

+ 

+ 


Pb |+ 28 


100 
100 
100 
268 
800 
100 
100 
100 
100 
100 
100 
560 
100 
400 
100 
200 
100 
320 
700 
200 
280 
550 
000 
280 
200 
75 
5 8 
300 
0 

100 


+ 

+ 

+ 

+ 


+ 

+ 


+ 


+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 


2 047 

3 3383 
2 50 
3.04 

0 4717 
0 4960 
0 38 
0 53 
0 7082 

2 90 
2.90 

81 845 

43 6X8 

74 42 

81 95 
15 

55 0 

56 6 
59 0 
61 4 
61.1 
11.056 
6.0072 
9 35 

8 20 

3 059 
2 619 
2 85 
0 390 
15 

4 39 
20 51 
24.75 
82.6 
23.24 
10.7 

4.66* 
3.14 
15.73* 
0.66 
7 735 


i 


+ 0 6782 

+ 0 847 

+ 1 15 

+ 2 01 

+ 02718 

+ 0 1734 

0 01 ^ 

+ 0 21 / 

0 9072 
0.68 
+ 0 934 

+ 0 599 

- 46 47 

+ 3 2 

+ 4 502 

d - -17 900 
3.12 

2 50 

- 10 00 

6.25 
8 75 

+ 3 . 578 

+ 16 92 

3 1 
2 9 

+ 2 858 

1.787 
+ 3 89 

+ 0 38 

d - -164 

1.26 
5.4 

2 7 

4- 4 34 

8.26 
5 70 
+ 5.49* 

+ 3 453 

- 4 93* 

0 10 

3 34 


0 186 


2 386 

2.82 
0 6717 


4- 162 5 
- 38 72 

4- 26.82 

(0 0V 
(5.5V 

no.ov 

(17 7*)* 
( 21 . 1 °)* 

+ 5 379 

0 2274 


1 

1 5 

I 

1 5 

1 

1 5 


1 5 
1 5 
1 5 


+ 9 00 


5 

5 

5 


1 0 


1 
5 
1 
1 
1 
2 
1 

1 
1 
1 

0 
0 
2 
! 2 


0 

0 

0 

0 


5 

5 


( + 10 3 10) f 

+ 7.50 


15 

2 

(?) 


( Jl ) 

(•») 

(7a, 

(65, 

( J ‘) 

(59) 

(76) 

(”) 

(••) 

(60) 

(Hi 59, 

’6, 

4 

(>») 

( J >) 

<‘ 7 ) 

(65) 

(«*) 

l ,T ) 

C 7 ) 

,H) 

(") 

( ,7 ) 

(>') 

(»3) 

(60, 

( 77 ) 

(”) 

(59) 

( 7 «) 

(•*) 

(65) 

(**) 

(**) 

(64) 

(64, 

( 66 , 

(«•) 

(»') 

(*») 

(»») 

(*•) 

(‘•1 
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Table 1. — ( Continued ) 


m 

"*T 

1 


T [ 


“ — f 


b 

0 

Ekror 

Lit 

w 

Cu 

-200 

+ 

300 

— 

1.080 

+ 

2.334 

+ 2.375 

6mcv. 

(17) . 

W‘ 

Cu 

0 

+ 

530- 

— 

' 1.12 

+ 

1.695 


2% 

(•<) 

w 

Pt 

0 

+ 1 200 

+ 

9.4 

+ 

. 3.68 


2 

(«•) 

w 

Ta 

+950 

+2 430 

+ 

6-21111! 

+ 

690 - 


2.0 

(17.1) 

Z* 

Pb 

-260 


0 

+ 

ITT I 

+ 

3.191 

+ 10.99 

1 

(•0) 

,Zn* 

Cu 

+ 20 

+ 

100 

— 

0.919 

+ 

0.28 


1.0 

(* 7 ) 

Zn* 

Cu 

+ 20 

+ 

100 

— 

1.012 

+ 

0.93 

(46. 5*) 55 

1.0 

( l7 ) 

Zn* 

Cu 

+ 20 

+ 

100 

— 

0.725 

+ 

0.75 

(48.0°)55 

1.0 

(”) 

Zn w 

Cu 

+ 20 

+' 

100 

— 

0+00 

+ 

0.59 

(57.0°)55 

1.0 

(» T ) 

Zn* 

Cu 

+ 20 

+ 

100 

— 


+ 

0.75 

(60 0°)55 

1.0 

(» 7 ) 

Zn* 

Cu 

+ 20 

+ 

100 

+ 

•0.154 

+ 

0.82 

(80.0°)55 

1.0 

( l7 ) 

Zn* 

Cu 

+ 20 

+ 

100 

+ 

0.135 

+ 

0.97 . 


IQ 

(» 7 ) 

Zn* 

Cu 

+ 20 

+ 

100 

+ 

0.232 

+ 


(86 6*055 


( 17 ) 

Zn< 

Pb 


+ 

100 

+ 

2.607 

+ 


+ 1.39- 

l 

(*») 

Zn 

Pb 

0 

+ 

100 

+ 

3.047 

— 



1.6 

P 7 ) 

Zn* 

Pb 

0 

+ 


+ 

3 181 

— 



1.5 

(*•) 

Zn 

Pt 

0 

+ 

450 

+ 

5.74 

+ 

3.30 


1.6 

(11,59. 

•») 

Zn 

Pt 

+450 

+ 


— 

17 


d - +1 820 

1.6 

(«») 


* Angle between btal cleavage plane and direction of current, 
t Value of d; c — 0. 
td - 26 716. 

| d - -87.4ft. 

H Vilue of d ; c — 0. 

Id - -12 400. 

•• d - -000. 


tt Qu< in. [An<u*J *■ quenched (annealed] from below 3ft2*C; Ht> tu - after beating 
above 3M°C; Qi. ^ Q at 18*C. 

«d - +12 420 

f| Angle between cryetal axis and direction of current 
Dll d - 1820. 

• Annealed. k W% pure. * Commercial. d W.57% pure. • Electrolytic. f Filament of 
Incandescent lamp. • Cold-drawn and hammered. k Heraeus made. 1 00.8% Co, 0.2% Si, 
traoea Fe. i Electrolytic, cold-drawn, annealed in hydrogen. 1 Pure "8wediah," hard-drawn, 
used for gold refining. " Very soft annealed transformer Fe. • Deposited from nickel carbonyl. 
•07.7% Ce, 1.2% Fe,remaindir ‘>‘i i no ' X 'h and cerium carbide- * Applies to^equntion for Q 
only. « Baker’s platinum. r Used in ciat form, solid rods soldered tod to end. * Slight traces 
of carbon. ‘Traces of Fe. r 07.0^ 7*., L5% Pb, traces of Cu ami As. * Sc in darkness; in light 


sufficient to increase its conductivity >00%, Q is decreased bv H- 


Single crystal. 


Table 2, — Thermoelectric Power (f.Qpi) of Couples op 

Pure Iron and Platinum (**) 

The pure iron contained 99.968 Fe, 0.009 C, 0.009 S, 0.001 P, 
0.006 Si, 0.001 Mn and 0.006 Cu; the platinum was purest Heraeus 
Pt. For the Fe, the Aj transformation point near 700°C, due to 
C, is absent; At is at 768°C, Ar* and Ac 4 are at 900 and 910*C, 
respectively. Unit of Q - lyiv/°C « 10'* volt/°C; t - centi- 
grade temperature, °C. 


t 

r,Qpt 

t | 

r.Qpt 

t 

w,Qp% 

0 

+ 19.6 

775 

+ 18.1 

Temp, rising 

100 

+ 18.1 

800 

+ 18.4 

1000 

+ 12.6 

200 

+ 15.4 


+ 19.4 

Temp, falling 

300 

+ 11.7 

Temp, rising 

930 

+ 11.1 

400 

+ 9.6 


+ 19.7 

920 

+ 10.9 

600 

+ 9.1 


+ 19.4 

910 

+ 10 8 

600 



+ 16 6 

900 

+ 17.5 

700 

+ 14 3 


+11.4 




Table 3. — Thermoelectric Power (Q) and Thermo Emp ( E ) 

or Alloys (Mainly Binary Alloys) 

For list of commercial alloys and miscellaneous mixtures, see end 
of table. Q - a + bf(10)'» + cf*(10)-*; E «= at + ^b^lO)-* + 
KcPdO)-* + d, one junction at 0°C; E can not be obtained from 
Q unless the value of d is known, but d is generally zero if.no trans- 
formation point occurs between 0*C and t, °C. “<j t t t n denotes 



that the coefficients apply if t lies between h and f*. Unit of Q - 
l/*v/°C = 10” fl volt/°C; t == centigrade temperature, °C. 

Ag-Al; 0° t 100°; Qpb (**) 


Vol. % Ag* 

Annealed 

Quenched 

a 

b 

a 

b 

0.00 

-0.07 

-0.02 

-0.04 

-0.06 

4.98 

+0.67 

-0.22 

-1-0.43 

-0.35 

10.1 

+0.74 

-0.16 

•* 

+0.70 

-0.19 

20*1 

+0.93 

• +0.32 

+1.05 


30.3 

+ 1.24 

+0.63 

+ 1.39 


39.7 

+ 1.58 

+0.68 

+ 1.84 

+0 53 

50.6 

+2.24 

+0.81 

+2.75 ; 

+0.95 

56.1 

+2.90 

+ 1.15 

+3.25 

+ 1.22 

58.0 

+3.01 

+ 1.20 

+3.56 

+ 1.24 

60. 9f 

+3.67 

+2.13 

+4.03 

+ 1.54 

63.5 

+2.75 

+0.96 

+2.88 

+0.81 

67.4 

+ 1.74 

+0.56 

+1.80 

+0.58 

69.8 

+ 1.37 

+0.34 

+ 1.53 

+0.22 

73. 2t 

+0.95 

+0.37 

+ 1.36 

+0.25 

75.4 

+ 1.08 

+0.40 

+ 1.23 

+0.29 

80.0 

+2.23 

+0.55 

+2.15 

+0.64 

90.3 

+ 1.83 

+0.35 

+ 1.76 

+0.48 

95.1 

+ 1.51 

+0.47 

+ 1.46 

+0.40 

100.0 

+2.51 

+0.76 

+2.44 

+0.72 


* Electrolytic Ag. f AgaAls. X Ag»Al. 


Ag»Ali-AlCu»; 0° t 100°; Qp b (»*) 


Vol. % AgiAlj 

• 

# 

Annealed 

Quenched 

a 

b 

1 a 

b 

0 

-1.36 

+0 37 

+ 1.48 

+0.77 

11.6 

• -4.18 

-0.91 

-3.79 

+0 11 

31.3 

+3.71 

+2.39 

-2 93 

+0.31 

50.2 

+6.94 

+ 1.75 

+9.56 

+2 47 

69.1 

+3.99 

+ 1.30 

+6.27 

+ 1.82 

92.4 

+2.78 

+ 1.18 

+3.15 

+0.97 

100.0 

+3.67 

+2.13 

+4.03 

+ 1.54 


Ag-Au; 0° t 100°; Qcu ( 6 ») 


Wt. % Au 

a 

b 

Wt. % Au 

a 

b 

0 

+0.20 


60 

-2.13 

-1.34 

5 

-1.34 


80 

-2.16 

-0.94 

20 

-2.70 


95 

-0.84 

-0.32 

40 

-2.40 

-1.20 j 

100 

-0.00 

-0.00 


Ag-Cd ; 0° t 100°; <? c « ( 71 ) 


At. % Cd 

1 j 

' . 1 .*' 1 

b 

At. % Cd 

a 

b 

0.0 


+0.04 

11.9 

mrwm 

-0.30 

4.0 


-0.23 

16.3 


-0.38 

8.8 

EE9 

-0 30 

25.7 

BUI 

-0 29 


Ag-Hg ; see Hg 


Ag-Pd; 0° / 900=; Q rt (39) 


Wt. % Ag 

2 

1 b 

c 

0 

- 2.61 


-1.296 

10 

- 6.89 

— 2 . 7 78 

+0.185 

20 

— 11.44 

-5.444 

+2.037 

30 

-16.56 

-7.444 

+3.518 

40* 

-26 78 

-6.667 

+3.704 

50 

—'20.333 

-4.333 

+ 1.667 

60 

-10 55 

-1.889 


70 

- 4.72 

-0.333 

— 1 .481 

80 

-1.17 

-0 278 


90 

+ 0.-2 

+2.000 


100 

+ 6.67 

+2.667 


* AgiPd*. 
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Wt. % Pt 


Ag-Pt; 0° t 900°; Qp t (39) 




+0.50 

-1.50 


+ 1.00 
-0.624 


30 

33 


-3.375 
-4.25 


-0.938 
- 1.00 


Ag-Sb; t = 18°; (?c u ( 41 ); error = ±4.5% 


Wt. % Sb 

Qcu 

Wt. % Sb 

Qcu 

Wt. % 

10 

-1.7 

29 

- 6.8 

■ 

15 

-1.2 

30 

- 5.55 


20 

-0.91 

31 

- 4.0 

90 

25 

-2.32 

35 

+ 1.32 

95 

27 

-2.9 

40 

+ 2.98 

100 

27.07 

-4.8 

50 

+ 8.15 


28* 

^ A % 

-7.65 

60 

+ 12.12 



Qc u 

+ 14.33 
+ 17.63 
+20.5 
+22.5 
+32.0 


Ag-Sn; 0° t 100°; Qcu ( 10 ); for 4 Wt. % Sn, a = - 8.21, b = 

+3.39 


Al-Bi ; 0° t 100°; 0n> (i«) 


Vol. % Bi* 

Annealed 

Quenched 

a 

b 

1 a 

b 

0 

- 0.07 

-0.02 

- 0.04 

-0.06 

1.89 

- 0.36 

-0.01 

- 0.25 

-0.05 

4.83 

- 0.85 

-0.12 

- 0.46 

-0.01 

10.0 

- 0.92 

-0.20 

- 0.54 

-0.02 

30.0 

- 9.27 

-2.05 

- 9.06 

-2.09 

50.0 

-21.9 

-2.14 

-22.5 

-2.14 

70.0 

-32.6 

-3.60 

-36.8 

-3.36 

90.0 

-45.7 

-0.12 

-55.1 

-3.02 

94.6 

-52.7 

-1.24 

-58.6 

-3.48 

97.9 

-57.8 

-1.46 

-65.6 

-2.01 

100.0* 

-58.7 

-3.26 

-55.7 

-0.34 

* Electrolytic. 






Al-Cu; 0° 

t 100°; Qpt, (18) 


Vol. % Cu 

Annealed 

Quenched 

a 

b 

a 

b 

0 

- 0.07 

-0.02 

- 0.04 


1.18 

+ 0.29 

+0.23 

+ 0.44 

+0.07 

2.78 

+ 0.37 

+0.58 

+ 0.62 

+0.22 

6.41 

+ 0.27 

+0.45 

+ 0.50 

+0.15 

10.6 

+ 0.09 

+0.27 

+ 0.34 

+0.06 

16.3 

+ 0.03 

+0.20 

+ 0.12 

+0.03 

22.1 

- 0.24 

-0.24 

+ 0.06 


24.1 

- 0.20 

-0.40 

- 0.05 

-0.41 

26.2* 

- 0.28 

-0.42 

• - 0.11 

-0.41 

31.6 

+ 1.44 

+0.61 

+ 1.32 

+0.48 

37.9 

+ 3.65 

+ 1.38 

+ 3.30 

+ 1.26 

41. 7f 

+ 3.80 

+ 1.55 

+ 3.96 

+ 1.46 

47.3 

+ 3.48 

+ 1.32 

+ 3.30 

+ 1.14 

50.1 

+ 2.72 

+ 1.15 

+ 2.98 

+ 1.00 

61.7| 

+ 2.81 

+ 1.20 

+ 2.76 

+0.96 

52.6 

+ 6.64 

+ 1.34 

+ 5.83 

+ 1.60 

54.4 

+ 11.80 

+2.65 

+ 11.25 

+2.34 

58.8 

+ 6.07 

+ 1.00 

+ 6/10 

+ 1.58 

64.7 

- 2.32 

+0.23 

- 1.22 

+0.50 

68.3$ 

- 1.36 

+0.37 

+ 1.48 

+0.77 

74.3 

+ 1.78 

+0.74 

+ 2.33 

+0.79 

80.3 

+ 2.06 

+0.71 

+ 2.27 

+0 73 


+ 2.15 

+0.68 

+ 2.17 

+0.69 

94.0 

+ 2.24 

+0.66 

+ 2.24 

+0.66 

100.0 

+ 2.88 

+0.98 

+ 2.88 

+0.98 


Wt 


M-Cu ; 0° t 820°; <?<** (« 4 ) 

Wt . % C u* 

94.0 

95.0 


* Electrolytic. 

« 

Al-Fe ; 0° 

— j : l — 

t 100°; Qpb (««) 

• | v . w 

Vol. % Fe* 

Annealed 

| Quenched 

a 

b 

a 

b 

0 

-0.07 

-0.02 

-0.04 

-0.06 

4.85 

-0.65 

-0.53 

-1.07 

-0.39 

9.90 

— 1.46 

-1.37 

-2.04 

! . 1 Wj • i»i 

f 1 

14.9 

-2.13 

-2.03 

-2.45 

-1.90 

19.1 

-2.65 

-3.14 

-2.85 

-2.86 

25.7 



-4.17 

-1.98 


Wt. % T1 

a 

b 

Wt. % T1 I a b 


2.73 

+2.95 

-0.81 

4 76 +12.24 - 0.108 

Vol. % Mg* 


* Swedish Fe; 0.08 % C. 

Al-Mg; 0° t 100°; Qn (i«) 


Annealed 


Quenched 


a 


0.0 

-0.07 

-0.02 

-0.04 

-0.06 

5.68 

+0.84 

-0.39 

+1.04 

-0.59 

10.28 

+ 1.12 

-0.58 

+ 1.11 

-0.58 

20.7 

+0.85- 

-0.55 

+0.91 

-0.58 

25.4 

+0.72 

-0.70 

+0.75 

-0.56 

30.3 

+0.2* 

-0.42 

+0.25 

-0.37 

39.5 

-0.40 

-0.40 

-0.82 

-0.28 

41.2 

-0.42 

-0.55 

-0.76 

-0.43 

46.0 

-0.56 

-0.60 

-1.38 

-0.37 

51.7 

-0.95 

-0.82 

-2.49 

-0.56 

58. 5f 

-4.19 

-1.08 

-4.56 

-0.88 

62.8 

+ 1.68 

-1.53 

+1.57 

-1.50 

64.3 

+3.51 

-1.18 

+3.48 

-0.99 

65.3 

+3.53 

+0.86 

+3.43 

+0.60 

67.8| 

+ 1.22 

+0.30 

+ 1.01 

+0.36 

70.1 % 

-0.05 

+0.10 

-0.13 

+0.23 

73.9 

-0.33 

+0.09 

-0.99 

-0.02 

80.7 

-0.78 

-0.05 

-1.52 

-0.16 

89.9 

-1.64 

-0.18 

-1.86 

-0.22 

95.3 

-1.64 

-0.18 

-1.46 

-0.55 

100.0 

+0.18 

-1.02 

+0.24 

-0.83 


• 99.2 % Mg. 0.3 % Fe, 0.5 % 8i by Wt. f AlMg. J AitMg*. 


Wt. % Al* 

a 

b 

c 

0 

-2.656 

-0.7082 


lot 

-6.423 

+ 1.196 

- 4.961 

87. 5* 

-2.057 

-0.7871 


90* 

-1.780 

-0.980 


90*§ 

-2.132 

-0.836 


loon 

-4.495 

+2.408 

-12.877 


* 99.67 % Al, 0.16 % Si, 0.15 % Fe, 0.02 % Uu. T ru re Mg. 
§ Contains 8 % Mg and 2 % Ni. Q Heated rod-hot and oooled 

Al-Mn ; 0° (100°; Qn ( |g ) 


in air. 


Vol. % Mn* 

Annealed 

Quenched 

a 

b 

a 

b 

0.0 

- 0.07 


-0.04 

-0.06 

2.40 

- 5.04 

BkS 

-5.17 

-0.80 

5.01 

- 4.93 

Exifl 

-4.68 

-0.97 

8.99 

- 4.81 


-4.62 

-1.12 

15.1 

- 4.53 

-0.58 

-4.47 

-1.08 

19. 8f 

- 0.56 

-1.48 

-1.62 

-1.66 

24.1 

+27.3 

a 1 A A m 11! A 

+2.59 

r m r* u.. XXI 

+3.44 

4 In n/\m nnl 

-0.21 

in> Vol. % of 


AliCu. f AlCu. X AltCui. | AlCus. 


■ ■ 
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Al-Ni; 0° t 100°; Qn (**) 


Vol. % Ni* 

Annealed 

Quenched . 

a 

b 

a 

b 

. 3.81 

- 0.56 

-0.07 

- 0 50 

-0.10 

8.12 

- 0.75 

-0.10 

- 0.68 

-0.27 

11.7 

- 1.30 

-0.15 

- 1.21 

-0.32 

18. 4f 

- 1.35 

-0.22 

- 0.83 

-0.73 

19.8 

- 0.91 

-0.36 

- 0.80 

-0.76 

60.7 

- 0.93 

-0.31 

- 4.57 

-3.39 

66.4 

4- 6.02 

+0.39 

+ 6.07 

-0.05 

• 70.3 

+ 10.4 

-0.24 

+ 10.3 

-0.45 

79.3 

- 5.30 

-1.39 - 

- 4.93 

-3.50 

V 

90.0 

-17.3 

-4.94 

-14.9 

1 

-7.98 

94.9 

-16.8 

-5.62 

-16.9 

-6.96 

100.0 

-16.2 

-5.95 

-16.2 

-5.95 


Al-Ni; 0° t 1200°; <?p« («•) 



Wt. % A1 



-2.58 

mm 

96.0 

-1.25 

-1.00 


-1.19 

-1.41 

B 

ioo!o 

-1.62 

-0.59 


Al-Sb ; 0° t 400°; Qc («<) 


Al-Sn ; * 0°< 100°; Qpb ( 18 ) 


Al-Zn. — (Continued.) 
Annealed 



Quenched 


Vol. % Zn 

a 

b 

a 

b 

68.7 

+ 1.68 

+ 1.20 

+ 1 .83 

+1.30 

78.4 

+ 1.83 

+ 1.26 

+ 1.85 

+ 1.31 

89.0 

+2.02 

+ 1.54 

+2.13 

+ 1.50 

• 

95.0 

+2.09 

+ 1.69 

+2.60 

+ 1.56 

100.0 

+ 1.84 

+ 1.59 

+ 1.62 

+ 1 .36 


• 99.7 % Al, 0.1 % Fe, 0.2 % Si, by Wt. 
f AJ is soluble in Zn in all proportions. 

Au-Cd; 0° t 100°; Qc» ( 71 ) 


At. % Cd 

a 

b 

i At. % Cd 

a 

b 

■ 0.0 


BD 

8.7 

-1.81 

-0 50 

5.4 

-1.52 

BBS 

17.2 

-2.39 

-0.48 


Au-Cu; 0° t 150°; Q Cu ( 69 ) 


Wt. % Al 

a 1 

b 

5 

| -5.671 

At TM- . rvo a OAAO. r\ _ /Al\ 

-0.6218 


Wt. % Cu 

a 

b 

Wt. % Cu 

a 

b 

10.0 

-0.40 

-0.80 

60.0 

-0.83 

-0 80 


-0.84 

-0.82 

80.0 

-0.59 

-0 68 

BE5EH 

-0.88 

-0.78 

95.0 

+0.25 

-0.70 


Au-Pd; 0° t 1000°; Q Px (39) 


Wt. % Sb 

a 

b 

c 

0.0 

- 1.030 

-2.243 

+ 8.665 

60.0 

- 0.816 


+ 2.607 

62.0 

- 0.233 

-0.726 

+ 2.492 

65.0 

- 0.781 

-0.968 

+ 3.626 

70.0 

- 0.306 

-1.083 

+ 3.715 

100.0 

-34.50 

-4.941 

+48.38 


Wt. % Au 

a 

b 

c 

10.0 

- 7.944 

— 1.111 

-0.185 

20.0 

-11.722 

-1.556 

+0.185 

30.0 

-12.722 

—3. Ill 

+ 1.296 

40.0 

-14.333 

-5.222 

+2.778 

50.0 

-21.777 

-5.556 

+3.704 

60.0* 

-26.444 

-6.778 

+5 370 

70.0 

-26.000 

-0.444 

-1.111 

80.0 

- 4.111 

- 1.000 

-0.185 

90.0 

- 1.000 

+ 1.000 

-0.556 

100.0 

+ 6.777 

+2.556 

-0.926 


Vol. % 8n 

Annealed 

Quenched 

a 

b 

a 

b 

5.03 

-0.40 

+0.25 


+0.46 

10.1 

-0.41 

+0.23 


+0.48 

19.9 

-0.51 

+0.38 

-0.54 

+0.54 

29.2 

-0.54 

+0.53 

-0.60 

+0.66 

40.2 

-0.64 

+0.53 

-0.61 

+0.64 

• 

49. 8‘ 

-0 54 

+0.56 

-0.50 

+0.64 

51.4 

-0 51 

+0.48 

-0 45 

+0 55 

594 

-0.52 

+0.54 

-0 43 

+0.61 

62.0 

-0.36 

+0.45 

. -0.45 

+0.55 

69.8 

-0.47 

+0.48 

-0.38 

+0.61 

80.0 

-0.30 

+0.53 

-0.28 

+0.58 

90.5 

-0.17 

+0.48 

-0.18 

+0.53 

95.0 

-0.14 

+0.42 

-0.14 

+0.42 

100.0 

-0.14 

+0.42 

-0.14 

+0.42 

* Al is soluble in 8n in all proportions. 




Al*-Zn ;f 0 

°t 100°; Qpb (» 8 ) 


Vol. % Zn 

Annealed 

Quenched 

a 

b 

a 

b 

4.60 



+0.55 

+0.29 

9.50 ' 

+0.53 

+0.32 

+0.78 

+0.40 

19.3 


+0.44 

+0.88 

+0.47 

29.0 


+0.62 


+0.58 

39.3 

+ 1.19 

+0.66 

+ 1.17 

+0.69 

49.6 

+ 1.40 


+1.43" 

+1.04 

60.0 

+1.56 


+ 1.64 

+1.13 


♦ AoPd. 

Au-Pt; Qp t is negative and on repeated or continued heating 
increases continually in absolute value, not becoming constant 
even after 2 hr at 900°C; its absolute value increases with the Pt 
content (39). 

Au-Sb; t = 18°; Qcu ( 41 ) 


Wt. % Sb 

50 

55* 

60 

Qc« (18°) 

-1.07 

-17.0 

-0.31 


• AuSbt. 


Au-Zn; 0° t 100°; Qcu ( 71 ) 


At. % Zn 

a 

b 1 

At. % Zn 

a 

b 

* 0.0 


-0.03 

10.1 

-2.25 

-0 53 

4.9 

-1.85 

-0.01 

18.3 

+0.33* 

+0.58 


Bi-Cd; 0° t 125°; Qcu ( 69 ) 


Wt. % Cd 

a 

b || Wt. % Cd 

a 

b 

0.0 

-105.50 

+54.00 

40.0 

-31.04 

+15.08 


- 77.50 

+39.60 

70.0 

-12.34 

+ 5.08 

10.0 

- 68.27 

+37 . 34 

90.0 

- 5.47 

+ 2.14 

25.0 

- 47.13 

+25.06 

100.0 

+ 1.56 

+ 0.48 


Bi-Hg ; see Hg 


Bi-Pb; t x t tt\ #c«( 28 ) 


Wt. % Pb 

U 

U 

a 

b | 

d 

10.0 

0 

200 

- 8.25 

-15.50 

0 


241 

450 

-17.05 

+ 3.30 

-2000 

. 20.0 

0 

110 

+ 2.50 

0.00 

0 


110 

200 

-11.50 

-17.0 

0 


200 

450 

0 

- 1.50 

-1000 

30.0 

0 

120 

+ 10.00 

0 00 

0 


126 

450 

- 2.083 

- 0.834 

+ 1250 
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Wt. % Pb 


40.0 

50.0 

60.0 


Bi-Pb. — ( Continued ) 


1 1 1 

ti 

a 

0 

no 

+ 2.50 

110 

450 

- 6.365 

o ! 

450 

- 1.975 

o 1 

450 

- 2.750 



0 00 


0 

+ 1000 
0 
0 


Bi-Pb; 0°/ 150°; Q Pb ( 6 ) 


Vol. % Bi 



100.0 


a 


+ 2.00 
+ 0 50 
-30.00 


-1 00 
-0 50 
-5 00 


Bi-Sb; / = 18°; Qcu ( 41 ) 


Wt. % Sb 


2 . 

5. 

10 . 

15. 

20 . 


Qc u 


-71.5 
-74.7 
-77.7 
-63 7 
-53.3 


Wt. % Sb 


30. 
40. 
50. 
55. l 
60 0 


Qc U 


-42.0 
-19 0 
- 11.0 
-38 
- 1.95 


Wt. % Sb 


70. 
80. 
85.' 
90 0 
95.0 


Qcu 


+ 7.55 
+ 15.5 
+ 18 0 
+ 23 5 
+26 7 


t = 


Wt. % Sb 


0 

9 

11 

13 

20 

50 

70 

100 


Bi-Sb; Q c u ( 38 ) 


— 190°C 


-130 
-110 
- 15 
+ 3.4 
+ 12 


0°C 



- 75 
-103 

- 98 

- 95 

- 83 

- 21 

+ 6.3 
+ 29 


-72 
-87 
-84 
-83 
-71 
-21 
+ 8.6 
+ 36 


+ 100°C 



-64 
-77 
-74 
-73 
-60 
-14 
+ 13 
+45 


Wt. % Sn 


0.0 

1.0 

2.0 


Bi-Sn; 0° t 100°; Q Cu ( 24 ) 


b I Wt. % Sn 


-40 20 -50 0 
+ 6.77 -33.5 
+26.0 -46.5 


3 72 
6 36 
9.93 



+29.4 -24.0 

+39.4 -26 0 

Q = +38 0 if 
t = 20.7° 


Wt. % Sn 


Bi-Sn; Utti; E Co ( 28 ) 


h =0, U = 130 


150, = 450 




70 


♦ft - 125. f<i 


— 4f 

-2.39* 
-3.38 
— 3 . 79 § 

— 3 . 38 

— 0 . 0042 
-0.00518 


200. til - 210. in - 130. 

Bi-Sn; t = 30.7°; Q Ph (48) 


+5300f 
+4300* 
+2790 
+21 90 § 
+ 1770 
+ 420 
+ 270 


Wt. % Bi 

Qv b 

Wt. % Bi 

Q Pb 

I Wt. % Bi 

50.0 

+ 8.75 

90.0 

+45.09 

99.25 

60.0 

+ 12.55 

95.0 

+45.62 

99.62 

70.0 

+20.14 

97.5 

+41.34 

100.0 

! 80.0 

+28.26 

98.75 

+33.48 



Qpb 


+ 12.96 
+ 0 41 
-64 66 
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Wt. % Bi 


2.0 
5.0 
10.0 
13 9 

15.0 

20.0 
25.0 
30 0 


* Bi,Toi. 


Qc U 


+ 127.0 
+ 71.1 
+ 58.4 
+ 33.0 
+ 20.0 

- 9.83 

- 37.0 

- 54.0 


i-Te; t = 18°; <?cu (“) 


Wt. % Bi | Qcu || Wt. % Bi 


- 77.3 53.0 

- 90.1 55.0 

- 99.0 60.0 

- 89.0 70.0 

- 36.0 80.0 

+ 52.0 85.0 

+ 93.3 95.0 

+ 121.8 100.0 


jmJ 


42.0 

45.0 

49.0 

50.0 

52.0 
52.14 


Qc u 


+62.0 
+27.7 
-18.3 
— 21 .8 
-16.2 
- 11.0 
- 3.5 
-57.4 


Cd-Hg; 0° t 100°; Qc u ( 10 ); see also Hg-Metal 

Wt. % Hg | ~ | b || Wt. % Hg 


5.14 -4.33 | +5.16 | 10.0 -3.62 


+5 65 


Vol. % Cd 



Cd-Pb; 0°/ 100°; @ Pb («) 


8.0 15.0 I 73^8 


+ 1.05 +1.75 

+2.9 +3.4 


85.0 


+2.60 

+3.9 


Vol. % Sb 


6.6 
25 8 
41 0 


Cd-Sb; 0° t 150°; <? Pb (6) 


b || Vol. % Sb 


+ 5. 
+ 20 . 
+ 70. 



58.5 

66.5 
72.0 


a 


+235.0 
+420 0 
+235.0 


+48.0 

+63.0 

+46.0 


Cd-Sb; 


Wt. % Sb 


0 

33 3 
50 0 


18°C 

( 41 ) 

50°C (8) 

1 Qc u 

+0.38 

+ 4.48 

+ 134.2 


Wt. % Sb 


51.7 

66.7 
100 


18°C 

( 41 ) 


Qcu 


+305.0 


50°C (») 


+87.20 


+ 32.0 


• For 50 atom %, Qcu varies rapidly with composition and is much affected 
by unhomogeneous structure; mean value between 18 and 65°C may amount to 
+ M3 ( 3 ». **•«). 

Cd-Sn; 0 °t lo0°;Qcu ( 69 ) 


Wt. % Cd 


Wt. % Cd 


0.0 
10.0 
30.0 
50 0 


a 


-2.73 
-2.60 
— 1 66 
— 1 33 


70.0 

-0.30 

+1.60 

90.0 

-0.40 

+3.20 

100.0 

-0.06 

+3.72 


Cd-Zn; 0° t 150°; <?cu ( 69 ) 


Wt. % Cd 


0.0 
10 0 
30 0 
50 0 


a 


+ 0.20 

-0.267 

-0.99 

-0.54 



0.00 
+0.53 
+2.58 
+2 68 


70.0 

90.0 
100.0 


.56 +4.04 
.63 +4.22 
.06 +3.72 


Co-Cu; l = 50°; Q c ( 6S ) 

Wt. % Co 

Qc u 

Wt. % Co 

Qc u 1 

1 

1.5* 

+30.8 

13.9 

+29.1 

n 

1.9 

+32.1 

23.6 

+26 5 


3.1 

+33.0 

34.4 

+25.9 


4.1* 

+32.1 

46.6 

+20.8 

i 

6.7 

+31.5 

59 4f 

+ 19.4 

i 



70.3 
80.5 

90.4 
100 * 


Qcu 


+ 1 
+ 1 
+ 1 ' 
+ 2 ' 


All alloys contain traces of Fe and Ni. Q was measured after 
heating to 160°C. 

* For 0° t 100° • 

■ ■ 11 111 ~ i " . i i * 

Co 


t Contains 0.6% Fe. 


1.5 
+ 30.52 
+ 0.776 


4.1 

+ 31.03 
+ 0.416 


100 % 
+ 23 24 
+ 8.26 
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Wt. % Co 


10 


Wt. % Cr 


Co-Fe ; see Fe alloys 
Co-Ni; 0° 1 1200°; Qr t( fl8 ) 


a 


-28.39 | +9.944 


Cr-Fe; see Fe alloys 


Cr-Ni; 0° t 1200°; Ept ( 68 ) 


a 


-6.546 


-1.914 

—4.038 

-1.492 

0.0 

-1700 

-8.655 

-3830 


Cu-Hg ; see Hg 


Cu-Mn-Ni; 0° (100°; Epb ( ,7 ) manganin (84Cu, 12Mn, 4Ni) (?); 
a - +1.366, b - +0.0828, c = +3.36. 


Cu-Mn-Ni-Fe;* t = 25°; Qcn ( 47 ) 



Cu 


88.02 

87.24 

88.20 

83.60 

84.72 


Wt. % 


Mn 


9.93 
10.26 

8 . 84 » . . ~ 

12.03 3.41 1.04 

12.83 2.08 0.73 


* All specimen* annealed. 

Cu-Ni ; 0° t 100°; Qcu ( 7l ) 


a 


Ni 


1.71 

1.77 

1.78 
3.41 
2.08 


Fe 


+4 

+5 

+3 

+8 

+4 


At. % Ni 


5.4 

10.8 

21.4 

32.1 

41.9 

50.9 

55.1 
62.8 


-17.67 -4.55 
-22.42 -6.69 
-28.11 -7.73 
-32.93 -7.71 
-35.10 -7.74 
-39.41 -8.66 
-33.17 -6.75 
-32.56 -5.95 


At. % Ni 


66.4 

69.6 
73.0 

74.5 

74.7 

82.8 
88.3 

100.0 


• a 


-32.1 

-32.7 




-2.47 

-1.58 


-34.02 -1.48 
-33.01 -0.71 
-30.43 -2.36 
-33.65 -1.66 
-31.08 -3.84 
-25.56 -3.40 


For 3.94 Wt. % Ni, a - -15.14, b - +10.2; for 17.3 Wt. % 
Ni, a = -24.9, b - -13.2 (»0). 

Constantan = 60% Cu, 40% Ni; 0° t 400°, a = -38.105, b =» 
— 8.884, c = +8.568; error in E = ±1% ( 2 ) 


Cu-Ni; t, t tt ; Em (® 8 ) 


w 

Cu-Ni-Zn; -200° / +100°; Epi,,. German silver (commercial) 
(3i) ; a = -10.861, b = -3.294, c = +1.893. 


Cu-P; f = 18°; Qc a ( 4 ») 


Wt. % P 

Qcu 

Wt. % P 

Qcu 

Wt. % P 

QCq 

1.88 

+0.06 

6.20 

+ 1.40 

13.97 

+6.30 

4.03 

+0.435 

8.75 

+2.10 

14.16* 

+6.85 

4.08 

+0.48 

12.70 

+5.20 

14.29 

+4.30 

6.75 

+ 1.30 

13.62 

+6.00 

14.56 

+4.00 

•CurP. 





• 


Cu-Sn; —80° ( 



Vol. % Sn 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 


a 


+3.57 
+0.81 
+0.66 
+ 1.17 
+ 1.25 
+0.86 
+0.49 
+2.13 
+ 1.54 
+ 1.58 
+2.18 


+ 1.01 
+ 0.20 
+ 0.21 
+ 0.12 
+0.23 
+0.28 
+0.37 
+0.39 
+0.73 
+0.89 
+0.89 


100°; Qpb ( 5 «) 


Vol. % Sn 


55 

60 

65 

70 

75 

80 

85 

90 

95 

100 


a 


+2.07 
+2.43 
+2.45 
+ 1.30 
+ 1.47 
+ 1.06 
+0.41 
+0.31 
- 0.10 
-0.13 



+0.80 

+0.76 

+0.70 

+0.68 

+0.66 

+0.70 

+0.46 

+0.46 



Cu-Sn; 0° * 100°; Q <*; for 5 Wt. % Sn, a = -3.46, b = +0.322 

( 10 ). 


Cu-Zn;* -78 



Vol. % Zn 


0.0 

3.15 

9.3 

14.2 
18.15 
22.8 
31.5 

33.7 

39.3 

41.7 

47.7 
53.2 

53.4 


a 


+2.350 
+0.707 
+0.608 
+0.710 
+0.740 
+0.702 
+0.602 
+0.699 
+0.602 
+0 . 249 
+0.476 
+0 . 490 
+0.539 


+ 1.38 
+ 1.01 
+0.81 
+0.56 
+0.50 
+0.39 
+0.59 
+0.69 
+0.59 
+0.60 
+0.44 
+0.62 
+0.73 


t 100°; Qp b ( 61 ) 


| Vol. % Zn 


59. 5f 

63.2 

68.4 
73. 6J 

79.3 
80.15 

85.5 
90. 4§ 

93.7 
95.0 

98.8 
100.0 


a 


0.062 


+0.639 
+3.330 
+2.195 
+ 1.407 
+ 1.821 
+4.716 
+4.279 
+4.288 
+3.220 
+2.609 



+0.40 
+0.79 
+ 2.20 
+2.45 
+ 1.36 
+0.97 
+ 1.13 
+ 1.75 
+ 1.54 
+ 1.72 
+ 1.69 
+ 1.49 


Wt. % Cu 


0.0 

10.0 

30.0 

50.0 

70.0 



• Electrolytic Cu; Zn free of As and Pb. t CuZn. t CuZm. } CuZn*. 

Alloys of less than 45% Zn were annealed for 36 hr at temper- 
ature about 30° below transformation point; other alloys annealed 
at 650°C. 


0 

0 

400 

0 

300 

0 

350 

0 

400 


1200 

400 

1200 

300 

1200 

350 

1200 

400 

1200 


Cu-Ni; * 


-17.12 
-30.85 
-21.71 
-36.87 
-39.37 
-53.23 
I -50.64 

-44.73 

-49.80 


50°; Qp b ( 34 ) 


+2.460 

+4.250 


-2.193 


+4.712 | 
d - +2980 
+4.756 | 

<f = +1700 
-0.978 I 


Cu-Zn; 0° ( 100°; Epb, brass (commercial) a = +0.140, b 
+0.5166 (*•). 


Fe-C Steel; see Tables 4, 5 


Fe-Co;* t 


Wt. % Co 

^ Cu ...... 


= 100°; Ecu ( 37 ) 


10.0 
- 0.64 


30.0 

-3.50 


• Annealed by heating with electric current for 15 min; not over 2 % difference 
between hard-drawn and annealed wires. 


Wt. % Ni 



30.0 


Qpb 

| Wt. % Ni 


Wt. % Ni 

On, 

-22.0 

41.8 

-38.8 

62.8 

-31.5 

-27.3 

46.0 

-38.8 

89.3 

-25.1 

-29 0 

49.0 

-35.4 

93.5 

-23.0 

-29.4 

50.7 

-35.8 

100.0 

-20.2 

-33.3 

56.0 

-34.2 




F«-Cr;» i = 100°; E Cu (* 7 ); see also Table 4 

Wt. % Cy | Ecu j| Wt. % Cr | Ecu || Wt. % Cr 1 E^~ 

10.0 +1.20 20.0 +0.43 29.5 +0.31 

18.0 +1.041 23.5 +0.32 

• Annealed by heating with electric current for 16 min; not over 2 % difference 
between hard-drawn and annealed wires. 
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Fe-Cr-Ni;* t = 100°; ff Cu (37) 

wt. % “ r 


Fe-Si ; see Table 4 


Cr 

4.0 
10.0 
10.0 

15.0 

20.0 

25.0 

7.0 

13.1 
13.1 
11.0 
15.6 


Ni 

17.0 

20.0 

55.0 

60.0 
55 0 

55.0 

75.5 

70.6 
70.6 

84.0 
80.4 


0 

0 

0 

0 

0 

0 

0.03 

0.02 

0.02 

0.40 

0.58 


0 

0 

0 

0 

0 

0 

0.22 
0.17 
0.20 
0.034 
0 23 


Ecm 

- 0.12 
-0.46 
0.00 
+0.07 
+0.07 
-0.08 
+ 0.20 
+ 0.20 
+0.17 
+ 1.49 
+0.76 


Metal 


Fe-Ti; at 50°C, Q Co = -140 (»2) 

Fe-W ; see Table 4 

Hg-Metal; 20° and t; Em (33) 


At. 


•Annealed by heating with electric current for 15 min; not over 2% dif- 
ference between hard-drawn and annealed wires. 

Fe-Cr-Mn-Ni ;* t = 100°; ff Cu (37) 


Cr 

0.31 

0.11 

0.11 

31.9 

22.7 


Mn 

6.6 

12.0 

6.2 

0.20 

0.30 


Ni 

58.3 

82.8 

88.5 

57.7 

69.0 


Si 

1.0 

1.058 

0.061 

0.30 

0.25 


C 

0.16 

0.068 

0.065 

0.40 

0.20 


Ecu 

-0.94 

- 1.11 

-1.60 

-0.08 

+0.24 


♦Annealed by heating with electric current for 15 min; not over 2% dif- 
ference between hard-drawn and annealed wires. 

Fe-Cr-Mn-Ni; f, t f 2 ; E Pl ( 60 ) nichrome (16Cr, 22.5Fe, 3Mn, 
58.5Ni approxim ately) 

| 1 a I d || t x | t* | a | d 

0 | 420 | +25 Oj || 500 | 1082 -34.9| +6994 

Fe-Mn ; see Table 4 

Fe-Mn-N i ;* t = 100°; Ec* (37) 

Wt- % I I Wt. % 


Wt. % 


Mn 

3.0 

2.0 
2.0 
3.0 


Ni 

10.0 

12.0 

17.0 

17.0 


Ec u 

- 1.09 
- 1.02 
-1.50 
-0.79 


Mn 

iTo 

2.0 

6.0 


Ni 

17.5 

22.0 

44.0 


Ec* 

-0.73 

-1.84 

-0.69 


i 

•Annealed by heating with electric current for 15 min; not over 2% dif" 
ference between hard-drawn nnd annealed wires. 

Fe-Mo ; see Table 4 

Fe-Ni ;* t = 100°; E Cu ( 37 ); see also Table 4 


Wt. % 
Si I 


_Ni Si_ 

0 0 

17.0 0 

20.0 0 
30.0 0 

33 5 0.16 


0 

0 

0 

0 

0.25 


Ecm 

+0 . 86 
-0.64 
-0.55 
-0.52 


Ni 

81.2 

93.0 

94.6 

96.3 


0.48| lOp.O 


Wt. % 
Si 

0.014 

0 

0.64 

0.35 

0 


0.19 

0 

Oil 

0.12 

0 


Ecm 

— 2 . 45 

— 1 . 90 
-1.40 
- 2.00 
-2.38 


•Annealed by beating with electric current for 15 min; not over 2% dif- 
ference between hard-drawn and annealed wires. 

Fe-Ni; t = 48°; Q Cu ( 49 ) 

Wt. % Ni [ Qc»* || Wt. % Ni | Qcu* II Wt. % Ni 1 


Wt. % Ni 

4 a 

7.0 

13.0 

14.0 

18.0 


+ 2.32: 

+ 7.32 
+ 16.9 
+ 17.2 
+ 21.0 


21.0 

22.11 

26.4 

35.09 

40.0 


+23.5 
+ 21.0 
+ 16.7 
+ 9.79 
+22.4 


45.0 
47.08 

90.0 


Qcc * 
+29.0 
+31.9 
+ 17.9 


* If diameter of wire > 0,12 cm, Q is somewhat greater. 

Fe-Ni; t x t f 2 ; E Pl (««) 


Wt. % Fc 


0 

750 



-27.66 

+20.612* 


+7 . 326 


- ~15 600. 


Ag 1 

Bi 1 

Cdf 1 

Cu 1 

k :: i 

8.47 

Li 0.253 

1 

Na l 


Pbt 

Sb.. 

Sn.. 

Tit. 

Zn. , 


1 

3.34 

1 

1 

1 

1 

1 


80° 

+ 1.0 
+ 59.6 
+ 7.9 
+ 0.7 
- 21.6 
-177.2 

- 13.9 

- 55.4 

- 37.5 
-114.2 
+ 25.6 
+ 5.1 
+ 19.9 

- 41.8 
+ 6.2 


100 ° 

+ 1.2 
+ 84.5 
+ 12.1 
+ 0.8 

- 33.0 
-273.4 

- 22.4 

- 78.7 

- 51.7 
-160.7 
+ 34.6 
+ 7.5 
+ 26.9 

- 57.6 
+ 9.2 


180 ° 

+ 2.6 
+203.6 
+ 28.2 
+ 1.3 
- 82.2 
-694.0 
- 43.4 
-184.8 
-117.1 
-389.0 
+ 82.5 
+ 21.4 
+ 65.8 
-138.8 
+ 24.4 


• Atoms of metal per 100 atoms of Hg. t Set Cd-Hg for Qco- t »• infra. 


Hg-Pb ; 20° and t; Em (33) 


Wt. Pb 

1.03 

2.06 

3.09 

6.19 

9.28 

12.38 

15.47 

18.57 

24.77 

49.53 

98.2 

206 


80' 


+ 25.6 
+ 35.5 
+ 70.8 
+ 92.0 
+ 124.3 
+ 94.2 
+ 87.3 
+ 96.6 
+ 113.5 
+ 147.2 
+ 169.4 
+216.5 


100 ° 

Em 

+ 34.6 
+ 48.9 
+ 120.8 
+ 154.0 
+ 162.6 
+ 151.4 
+ 148.2 
+ 170.9 
+ 179.6 
+ 217.2 
+250.3 
+280.6 


180° 

+ 82.5 

+110.1 

+239.9 

+548 . 3 

+629.2 

+529.9 

+439 . 5 

+691.0 
+656.9 
+733 2 
+746.7 


• Grams Pb per 100 g K*.; tee alto Hg-Metal. 


Wt. Tl* 

0.255 

0.51 

1.02 

2.04 

3.055 

4.08 

6.11 

12.22 

24.44 

oof 


Hg-Tl ; 20° and l ; Em ( 33 
~80° 100° 


- 10.8 
- 21.8 

- 41.8 

- 67.9 

- 79.3 

- 86.6 

- 82.7 

- 44.4 
+ 35.8 
+321.7 


100 ° 

Em 

- 14.6 

- 29.8 

- 57.6 

- 93.2 
- 111.0 
-125.8 
-114.3 

- 65.3 
+ 52.2 
+445.0 


180° 

- 32 .5 

- 68.8 

- 138.8 

- 199.2 

- 250 

- 282.1 

- 246.8 

- 120.7 
+ 149.8 
+ 1001.1 


• Grams Tl per 100 g Hg; t«« alto Hg-Metal. f Pure Tl. 


Ir-Pt ; * 0° t 1200°; Qp» (*•) 


Wt. % lr 
5 



20 

25 

30 

35 


+ 10.375 
+ 13.208 
+ 14.083 
+ 13.00 
+ 11.250 
+ 10.75 
+ 10.50 


b 

+0.250 
+0.750 
+ 1.063 
+ 1.875 
+2.250 
+2.375 
+2.375 


-0.2344 


— 0 . 3906 
5 
8 
5 
5 


* Alloy in all proportion/- 
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Mn-Ni ; t, 1 1,; Ert («*); Wt. % Mn =5 


a 


‘ 1 

0 

• 

400 

-2.158 

±6.58 

400 

1200 

-0.375 

d = -3220 


Wt. % Mo 

a | 

b 1 

Wt. % Mo 

a 

b 

4 

±11.85 

±1.2056 

12 

±27.45 

±1.788 

• 

5 

±14.90 

±1.48 

16 

±27.45 

±2.00 

8 

. ±21.08 

±1.784 

20 

±23.38 

±2.392 

10 

±24.70 

±1.720 

1 




Pt-Rh; 0° t 1600° Qp%; see also Vol. I, p. 67; error in Ep t may 

amount to ±60 


Nichrome; see Fe-Cr-Mn-Ni 


Ni-Ta; 150° t 1200°; £ Pt ( 68 ); for 5 Wt. % Ta, a = -0.573, 

d = -1914 


Ni-Ti; U t U\ Ep x ; Wt. % Ti = 5 («*) 


ti 

ti 

a 

b 

0 

600 

-7.98 

±1.256 

600 

1200 

-1.117 

d = -1860 


Wt. % Rh 

a 

b 

c 

Lit. 

1 

±2.19 

-0.044 

±0 . 024 

(29) 

5 

±5.99 

±0.200 

-0.060 

(29) 

10 

±7.013 

±0.640 

-0.1932 

(29) 

10* 

±7.048 

±0.5896 

-0.1284 

(80) 

15 

±6.69 

±1.072 

-0.3276 

(29) 

20 

±6 . 083 

±1.380 

-0.3999 

(29) 

30 

±6.12 

±1.344 

-0.1092 

( 46 ) 

40 

±6.44 

±1.344 

-0.0468 

( 4 «) 

100 

±6.27 

±1.612 

-0.1797 

( 45 ) 


* Le Chatelier’e couple. 

Pt-Rh; tx t Epx ; Rh, Wt. % = 10; error in E may amount to 

±50 



Ni-V; 0° t 1200°; Qih («*) 


Wt. % V 

a 

b 

Wt. % V a b 

5 

±18.30 ±1.72 

10 

±26.5 ±1.56 


V 

-253 

0 

±5.97 

±4.28 


( 80 ) 

0 

±650 

±5.543 

±1.804 

-1.965 

( 80 ) 

±650 

1600 

±8.162 

±0.338 

d = -283.5 

( 80 ) 


1600 

±8.048 

±0.344 

d = -310 

( 45 ) 

— 

1100 

±8.259* 

±0.3332 

d = -313.8 

( iA ) 


Ni-W ; 0° t 1200°; Qpt ( 68 ) 


Wt. % W 

a 

b Wt. % W 

a 

b 

4 

1 ±1.428 


12 

±12.26 


5 



16 

±16.38 


8 

10 


±1.664 

±1.72 

20 


±2.128 


* Made by Heraeus; diameter *■ 0.4 mm 

Pt-Ru; 250° t 1500°; £ Pt ±5 ( 45 ); for 10 Wt. % Ru, a = ±9.260; 
b = ±0.300, d = -359 

Sb-Sn ; t = 30.1°; Q Pb ( 48 ) 


Wi-Zr; 0° t 1200°; Q Pt ( 68 ); for 5 Wt. % Zr, a = -12.57, b = 

±2.286 


Wt. % Sb 

Qpb 

Wt. % Sb 

Qpb 

Wt. % Sb 

Qpb 

20 

■SRjVl 

60 

±12.54 

90 

± 7.77 

30 



±12 20 

95 

± 7.93 

50 


80 

±14.08 

100 

±32.67 


Sb-Te; t = 18°; Q Cu ( 41 ) 



Pb-Zn; 0° t 180^; <? Pb ( 33 ); for ,0.63 Wt. % Zn, a = ±0.0040, 


Se-Te ; l = 18°; Q Cu (1 ± 0.03) ( 4 >) 



1 9 

~r,vy 1. \J 


Wt. % Se 

Qcu 

Wt. % Se 

«o 

o 

c 

Wt. % Se 

Qcu 


Pd-Pt;* 0° t 1200°; Q Pt ( 39 ) 




2.0 

±480 

15 

■EM 

40 

±620 

±580 

^ 1 

6? 

• 

1 

a -*• 

b 

c 

5 

±570 

20 


45 

0 | 

1 -3.875 

i 

-1.350 

-0.234 

10 

±563 

30 

tsu 

50 

±460 


10 

20 

30 

40 

50 

60 

70 

80 

90 


±4.042 

±6.792 

±7.583 

±7.000 

±7.167 

±5.833 

±5.125 

±4.875 

±3.626 



0.781 

1.250 

0.885 

0.938 

0.677 

0.729 

0.469 

0.469 

0.234 


Sn-Te ; t = 18°; Q Cu ( 4l ) 


Wt. % Sn 

Qcxi 

Wt. % Sn 

Qc u 

Wt. % Sn 

Qca 

10 

±116.0 

45 

±22.3 

70 

-0.2 

15 

± 84.0 

48.28* 

±26.0 

80 

— 0.8 

20 

± 71.0 

49 

±99.0 

85 

-1.35 

30 

± 42.2 

50 

± 6.3 

90 

-1.5 

35 

± 34.0 

55 

± 16 

95. 

-1.4 

40 1 

± 28.0 

60 

± 0.7 

100 

-2.25 


* Alloy in all proportions. 


• SnTe. 
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So-Zn; 0° l 150°; Qco («») 



Con stan tan ; see Cu-Ni 


t , °C 
- 78.4 

-192.6 

• After annealing 


Culmitz ( 80 ) 

E Pb 11 * -° 


+204 
+ 160* 
+476 


/,-°c 

-192.6 

-262.7 


Epb 

+401* 
+596 
+472* 


German Silver; see C o-Ni-Zn 
Kruppin (•<>) 



Mangonin 

Nernst filament; 980° t 1425°; Qp x ; a - +4 05 (?») 

Nichrome ; see Fe-Cr -Mn-Ni 
Nickelin ( 80 ) 

~t 


t, °C 


-192,6 

• After annealing. 


Epb 

-1256 
-1259* 
-2406 


-192.6 

-2416* 

-252.7 





Piano 

Platinoid; -200° t 100°; E n ; a = -10.020, b - -2.766, o - 

I O I'M 



Table 4.— Mean Thermoelectric Power (E/t) between 0 and <°: Steels, t - -78.5 and +100° (») 

For other alloys of Fe, see Tables 3, 6. E - at + ^b<»(10)-* + ^cP(10)-‘; Q - a’ + bf(10)-* + cPflO)-* An. - annealed- 

Scr'at r°c ed Sf ' 'l 1 ‘#”i ‘ ““ *' a “ d ** Except where the °° ntrar y “ indicated, one junction is at 0°C an+the 

ca^ 1 re So J itn " C ~ nt *“ t were annealed in magnesia; those of about 0.8% C, in turnings of pig iron. Mean error in all 
cases = ca. 30 mv( - 30 m.crovolt). Unit of E = l„v = 1Q-- volt; of Q and E/t = l„v/°C = 10- volt per 1°C; t ~ centigrade temper- 


Symbol 


Composition in % 



1A2 

1A3 

1A7 

8A5 

8A7 

8A10 

8A15 

HI 

H2 

H3 

H4 

H5 

H6 


Ep b /l 

Annealed 

Quenched 

Ingot 

-78.5° +100° 

-78.5° +100° 

-78.5° | +100* 


0.17 

0.13 

0.08 

0.81 

0.66 

0.67 

0.86 

0.07 
0.24 
0.44 
0 79 
1.12 
1.58 


A1 steels; see also Table 3; An. from 900°C, cooling 8.75 hr; Qu. at 1000°C in water at 14°C* 


Tr. 
Tr. 
0.05 
0.12 
0.14 
0.09 
0.40 
Cst 
0.03 
0.03 
0.08 
0.09 
0.06 
0.09 


0.008 
0.016 
0.020 
0.024 
0.025 
0.034 
0.032 
; see ah 
0.005 
Tr. 
Tr. 
0.006 
Tr. . 
Tr. 


tent = C%;t t tt h a = -5.9 
A?. Aj ( ,8 ). For pure Fe, f 9 


0.022 

Tr. 

2.04 

- 7.65 

-12.65 

- 8.26 

-11.50 

0.013 

0.10 

3.04 

-11.93 

-12.65 

— 11.93 

-10.05 

0.017 

0.18 

7.20 

-16.92 

-12.65 

-17.32 

-10.05 

0.024 

0.22 

4.6 

-10.20 

-14.65 

-13.86 

-16.30 

0.050 

0.26 

7.0 

-11.52 

-16.05 

-15.90 

-16.30 

0.024 

0.11 

9.1 

-15.40 

-16.05 

-14.90 

-16.30 

0.018 

0.23 

14.9 

- 8.77; 

-13.15i 

-13.03 

-14.05 

ables 3, 5; An. from 900°C, cooling 8.5 hr; Qu. at 950°C in water at 

0.013 

0.00 


+ 11.93 

+ 8.55 

+ 12.59 

+ 8.73 

0.015 

0.03 


+ 11.11 

+ 7.65 

+ 9.99 

+ 6.93 

0.016 

0.05 


+ 9.68 

+ 6 20 

+ 5.20 

+ 3.46 

0.009 

0.00 


+ 8.05 

+ 5.40 

+ 0.92 

- 1.32 

0.022 

• 

0.02 


+ 6.02 

+ 4.10 

- 5.25 

- 5.70 

0.016 

0.04 


+ 6.73 

+ 4.15 

- 6 52 

- 5.80 

'°, a = i 

4, b - -i 

0.563A, c 

= +0.5A, where A 

® 18.8 - 

10.5C + 


730°, f, 
- 200 ° t 


IC1 

K/2 
1 C3 
1C7 
1C 10 
H'I2 

1C25 

K30 

8C] 


= —0.38; 0 t 1000°, a = —10.5 — O.Olbfj, b -- —2.8; U, h =* temperatures of transformations 
950°; increasing C decreases both; with more than 0.4% C they coincide at ca. 700* (*•). For 
° are : a - +10.763, b = -1.5586, c = -18.762 (31). 

I 


Cr 


0.06 
0.08 
0.28 
0.07 
0.42 
0.14 
0 24 
0 40 
0 97 


Cr steels; tee also Table 3; An. from 1000°C, cooling 7 hr; Qu. at 1000°C in water at 11°C* 


Tr. 
0.08 
0.15 
Tr. 
Tr. 
Tr. 
0.10 
Tr. 
0 24 


0.016 

0.015 

0.010 

0.010 

0.010 

0.016 

0.022 

0.024 

0.013 


Tr. 
Tr. 
Tr. 
0.014 
Tr. 
0.016 
0.013 
0.006 
0.016 


0.70 

0.13 

0.05 

0.12 

0.35 

0.21 

0.26 

0.37 

0.22 


1.20 
1.89 
2.66 
7.84 
9.80 
13.60 
25.31 
31.75 
0.92 


+ 17.87 
+ 15.72 
+ 17.28 
+ 9.94 
+ 12.40 
+ 6.63 
+ 6.38 
+ 4.37 
+ 9.93 


+ 16.93 
+ 16.65 
+ 18.11 
+ 14.92 
+ 14.74 
+10.56 
+ 9.01 
+ 6.55 
+ 8.92 


+ 6 83 
+ 14.78 
+ 14.88 
+ 9.99 

+ 5.20, 
+ 6.401 
+ 6.09 
+ 3.97 


ij 


+ 16 
+ 15 
+21.50 
+ 13.501 


+ 7.65 
+ 5.09 
+ 7.86 
+ 3.64 


+17.43 

+14.99 
+ 8.67 
+ 6.97 
+ 6.27 
+ 4.25 
+ 6 03 
+ 9.70 


+16.6 
+16.6 
+17.10 
+ 12>*6 
+ 5.82 
+ 8.73 
+ 6.28 
+ 9.55‘ 
+ 8.83 
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Table 4. — (Continued) 



Symbol 


8C2 

8C5 

8C7 

8C10 

8C12 

8C20 

8C25 

8C30 

8M0.5 

8M1 

8M3 

8M12 


Composition in % 


Mn 


Si 


Cr 


Epb/t 


Annealed 

Quenched 

Ingot 

-78.5° +100° 

-78.5° +100° 

-78.5° +100° 

a ii i a 


Cr steels: see also Table 3; An. from 1000°C, cooling 7 hr; Qu. at 1000°C in water at 11°C* 

• w i a . .1 . . a /v/tl i /V 


0.89 

0.10 

0.020 

0.033 

0.28 

2.14 

+ 10.41 

0.79 

Tr. 

0.016 

0.023 

0.42 

4 57 

+ 12.40 

0.84 

0.05 

0.018 

0.031 

0.41 

7.27 

+ 11.82 

0.52 

0.13 

0.024 

0.005 

0.62 

9.85 

+ 11.70 

0.96 

0.05 1 

0.013 

0.047 

0.41 

11.52 

+ 10.60 

0.90 

0.05 

0.010 

0.007 

0.74 

18.65 

+ 5.09 

0.82 1 

0.05 

0.016 

0.008 

0.58 

26.54 

+ 3.36 

0.92 

0.05 

0.021 

0.012 

0.47 

32.46 

+ 6.97 


+ 9.64 
+ 12.56 
+ 13 45 
+ 14.48 
+ 13.60 
+ 7.95 
+ 5.91 
+ 6.30 


+ 3.59 
+ 7.13 

+ 5.08 
+ 7.03 
+ 3.31 
+ 2.04 
+ 4.40 


+ 

+ 


4.20 

5.91 


+ 3.58 
+ 9.70 
+ 4.64 
+ 4.64 
+ 5 55 


+ 9 
+ 12 
+ 10 
+ 2 


+ 

+ 

+ 

+ 


9 

0 

2 

4 


.70 

.53 

.40 

.83 

.60 

.83 

.90 

.95 


+ 9.00 
+ 12.90 
+ 11.90 
+ 3.63 
+ 11.90 
- 1.55 
+ 5.37 
+ 6.28 


Mn steels; An. from 900°C, cooling 5 hr; Qu. at 1000°C in water at 14°C* 


0.87 

0.40 

0.020 

0.024 

1.35 


- 0.30 

0.84 

1.03 

0.024 

0.015 

0.57 


- 0.71 

0.93 

3.08 

0.015 

0.010 

1.44 


- 2.65 

0.96 

12.09 

0.011 

0.013 

0.87 


- 9.78 

1.2 

5.0 

Ni = 

Hadfield’s Mn steel; for Ep e , 0° t 310 



25.0 




Epe = 

(?) 

12 

(?) 

Hadfield’s Mn steel; for Epb, —200° 




—0.5152, c = +0.390; after An. from ( 






Mo 

1 


3.10 
- 2.80 
- 4.70 
-11.80 


- 5.50 


- 10.20 


- 2.00 

- 6.65 

- 6.65 


<t < 1100 °, 

- 5.591, b - 
: +2.337(31) 


lMoO.5 

0.19 

0.07 

0.018 

0.009 

0.12 

0.45 

IMol 

0.16 

0.10 

0.018 

0.032 

0.11 

1.00 

1Mo2 

0.14 

0.17 

0.021 

0.009 

0.12 

2.20 

1Mo5 

0.29 

0.50 

0.026 

0.039 

0.12 

4.50 

8 M 0 O .6 

0.78 

0.26 

0.021 

0.032 

0.21 

0.50 

8 Mol 

0.81 

0.40 

0.040 

0.018 

0.02 

1.21 

8Mo2 

0.81 

0.30 

0.016 

0.034 

0.017 

1.98 







Ni 



Ni steels;! see also Table I 

1; An. from 900°C, < 

1N2 

0.07 

0.02 


0.006 

0.07 

2.23 

1N5 

0.12 

0.01 


0.004 

0.05 

5.23 

1N7 

0.12 

0.12 


0.005 

0.05 

7.13 

1N10 

0.13 

Tr. 


0.005 

0.10 

io io 

1N12 

0.12 

Tr. 


0.002 

0.09 

12.07 

1N15 

0 11 

Tr. 


0.004 

0.02 

15.17 

1N20 

0.18 

Tr. 


0.004 

0.02 

20 . 40 

1N25 

0.16 

Tr. 


0.007 

0.04 

25.85 

1N30 

0.12 

Tr. 


Tr. 

0.03 

30.00 

4N2 

0.21 

0.02 


Tr. 

0.03 

1.97 

4N5 

0.20 

0.02 


0.03 

0.04 

4.90 

4N7 

0.23 

0.05 


Tr. 

0 . 08 

7.59 

4N10 

0.21 

0.02 


Tr. 

0.01 

9.79 

4N12 

0.22 

0.02 


0.002 

0.01 

12.29 

4N15 

0.22 

Tr. 


0.002 

0.05 

15.04 

4N20 

0.22 

0.02 


0.003 

Tr. 

20.01 

4N25 

0.23 

0.02 


0.003 

0.08 

25.06 

4N30 

0.19 

0.02 


0.002 

0.03 

27.87 

9N2 

0.80 

0.10 


0.005 

0.10 

2.30 

9N5 

0.78 

0.09 


0.004 

0.08 

4.90 

9N7 

0.81 

0.12 


0.003 

0.10 

7.09 

9N10 

1.05 

0.10 


0.004 

Tr. 

9 79 

9N12 

0.76 

0.09 


0.004 

0.09 

12.27 

9N15 

0.80 

0.06 


0.007 

0.09 

15 04 

9N20 

0.80 

0.02 


0.003 

0.09 

20.01 

9N25 

0.79 

0.07 


0.002 

Tr. 

25.06 

9N30 

0.81 

0.03 


0.004 

0.14 

29.96 


Mo steels; An. from 900°C, cooling 8.75 hr; Qu. at 1000°C in water at 14°C* 

+ 10.20 
+ 11.01 
+ 10.90 
+ 8.77 
+ 4.59 
+ 4.79 
+ 5.30 


+ 9.07 
- 0.61 
- 4.89 
- 10.8 
-14.58 
-19.38 
-28.96 
-32.0 
-15.08 


+ 16.61 


+ 8.35 




+ 7.70 

+ 10.20 

+ 8.00 


+ 7.80 

+ 10.30 

+ 7.92 


+ 6.30 

-12.23 

+ 3.98 


+ 3.00 

- 4.48 

- 6.50 


+ 3.20 




+ 4.30 

+ 1.12 

+ 0.10 


hr; Qu. at 

950°C in 

water at 

« 

O 

o 

00 

+ 6.3 

+ 10.91 

+ 6.2 

+ 8.97 

- 3.5 

+ 0.2 

- 3.4 

- 0.61 

- 7.8 

- 4.99 

- 7.6 

- 4.89 

-14.6 

-11.11 

- 9.7 

-11.21 

-16.9 

-14.78 

-17.0 

— "8.45 

-23.5 

-18.75 

-23.9 

-20.28 

-30.4 

-33 22 

-31.3 

-27.83 

-11.5 

-33.22 

-31.3 

-31.08 

- 6.9 

-14.98 

- 1.0 

-15.49 

+ 7.0 

+ 8.05 

+ 5.5 

+ 8.25 

- 2.4 

+ 0.71 

+ 2.0 

+ 0.0 

- 7.3 

- 3.26 

- 6.0 

- 4.38 

-12.6 

- 9.88 

— 11.6 

- 9:58 

-15.3 

— 11.92 

-15.7 

-13.67 

-27.3 

— 16 31 

-19.1 

-17.63 

-30.6 

-22.43 

-23.7 

-22.43 

- 7.1 

-19.98 

-12.7 

-14.88 

- 2.3 

- 9.37 

- 0.9 

- 4.18 

+ 4.7 

+ 5.91 

+ 4.6 

+ 5.81 

! - 3.0 

- 1.02 

- 2.6 

- 1.02 

1 - 6.9 

- 4.18 

- 5.9 

- 3.97 

t - 8.5 

- 7.24 

- 8.5 

- 8.15 

> - 9.4 

- 8.87 

- 9.8 

-10.30 

i -11.1 

-10.30 

-10.1 

- 9.38 

t - 6.6 

- 5.10 

- 5.0 

- 6.93 

; - 6.1 

- 4.69 

- 4.9 

- 2.95 

. - 1.8 

- 3.36 

- 2.0 

- 2.95 


+ 6.5 

- 3.2 

- 7.6 
-13.5 
-17.4 
-24.3 
-30.0 
-27.8 

- 1.5 
+ 6.3 

- 2.3 

- 6.8 
-12.9 
-16.4 
- 10.6 
-21.5 

- 3.8 

- 1.9 
+ 4.6 

- 2.6 

- 5.9 

- 8.7 
-10.4 

- 4.9 

- 3.5 

- 2.6 
- 1.9 
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Table 4. — (Continued) 



Table 5. — Thermoelectromotive Force ( E ) of Carbon Steels: Effect of Heat Treatment (**); see also Table 4 
Specimens were quenched at 903 or 908°C, kept at 97 to 102°C for 48 hr, then heated (drawn) to temperature indicated and kept at 
that temperature for 1 to 2 hr, then allowed to cool slowly in furnace. Error in E not greater than 10mv. For all 8 specimens, the 
smallest negative value of E corresponds to drawing temperature of 696°C. Unit of E * l M v = 10"‘ volt; of admixture » 1 %; temper- 
ature, °C. 


Sym- 

bol 

Admixture 

Quenched 

Drawn 

903° 

908° 

100° 

205° 

309° 

388° 

495° 

599° • 

696° 

| 800° 

C 

Mn 

I 

P 

8 

Si 

E\m (junctions at 0° and 100°C) 

C04 

0.04 

0.10 

0.007 

0.029 



- 74 

- 36 

- 34 

- 29 

- 34 

- 29 

- 29 

- 26 

- 29 

M16 

0.30 

0 204 

0.012 

0.013 

0.033 


-310 

-278 

-230 

-170 

-136 

-102 

- 94 

- 83 

-100 

H36 

0.35 

0.08 

0.009 

0.024 

0.18 


-575 

-537 

-499 

-452 

-437 

-419 

-414 

-400 

-413 

H41 

0.41 

0.08 

0.012 

0.016 

0.19 


-615 

-678 

-529 

-474 

-444 

-434 

-429 

-414 

-420 

H57 

0.57 

0.11 

0.010 

0.020 

0.17 


-707 

-627 

’ -537 

-474 

-444 

-419 

-414 

-394 

-417 

C4 

0.76 

0.221 

0.016 

0.041 

0.169 

- 950 


-718 

-577 

-474 

-439 

-410 

—404 

-350 

-393 

cs ! 

0.945 

0.189 

0.013 

0.061 

0.155 

-1170 


-795 

-608 

-458 

-410 

-392 

-376 

-364 

-378 

C7 

1.05 

0.190 

0.013 

0.020 

0.167 

-1308 


-916 

-713 

-556 

-516 

-509 

-497 

-467 

-473 

IN2 

0.018 

0-011 

0.006 

0.018 

Cu * 0.018 * pure ingot iron = 

reference metal 








Table 6. — Thermoelectric Power (Q) of Oxides and Sulfides 

R » reference metal, Qr ■* a -f b< if ( lies between t t and t j. Unit of Q «* l/iv/°C = 10~* volt/*C; t h h « centigrade tem- 
perature, °C. 


Oxide 

R 

ti 


a 

r 

b 

| Lit. 

BijOi 

Pbt 



4* 

1 946 

— 

1.86 

( U ) 

CdO 

Pbt 




32 

— 

0.030 

( ll ) 

CoiO« 

Pbt 



+ 

629 

— 

0.221 

(*>) 

Cr*0» 

Pbt 


1 285 

— 


+ 

0.432 

( ll ) 

CuO 

Pbt 


850 

— 


4- 

1.715 

(”) 


Cu* 


700 

+ 

1 190 

— 

0.38 

RBI 

CutO 

Cu* 


700 

+ 

1 062.5 

— 

0.75 

KtZa 

FeO 

Cu 


50 


Qco = 

4- 500 

(52) 

F^iOi 

Cu 


50 


Qoa - 

4- 

60 

(52) 

Fe«Oi 

Pbt 


875 

— 

54.6 

— 

0.026 

(*>) 


Pbt 

875 

1 485 

— 

53.2 

— 

0.018 

( 1! ) 


Fe* 


700 

— 

427 


0.00 

(20) 

FeS 

Cu 




Qo* - 

— 

26 

(52) 



• Error in E — ± 200 microvolt, t Used Pt u reference metal, but expressed results in terms of CPb- 
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Table 7. — Effect of Stress upon Thermoelectric Properties of Metals 

J2,, = thermo emf around a circuit composed of two specimens of the same material, one specimen (s) is stressed, the other (o) not 
stressed; one junction is at 0°C and the other is at f, °C; is positive if the current flows from the stressed to the unstressed specimen 
at the junction at 0°C. 

If p = hydrostatic pressure upon the stressed specimen; r = longitudinal tension upon the stressed specimen; t = temperature 
(°C); f, g, h, m, n are constants depending upon the metal; then if r = 0, t E<y = fpt|l + gp(10“®)} |1 -f h*(10~ 3 )); ,Q 0 = kp, where k 
= f|l '+ gp(10-«)| (1 4- 0.5hl(10 _s ) ) ; k = f if g = 0, h = 0. If p = 0, t E 0 = lOOOmr + nr*. 

The numbers in the “Error” column indicate the probable uncertainty in the value of JE 0 . Unit of E = 1/i/iV = 10“** volt; of 
p and r = 1 kg/cm 2 * 14.22 lb. /in. 2 = 0.968 A n ; of “Error” = 10 -6 volt; t = centigrade temperature, °C. 
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Table 8.-^-Effect of Stress upon Thermoelectric Properties 

of Al, Fe, and Sn ( 17 ) 

For explanation of symbols, see Table 7. Unit of ,E 0 ** 1 pv ** 
10“* volt; of p = 1 kg/cm* = 14.22 lb. /in.* = 0.968AO; t = 
centigrade temperature, °C. 

p 2 000 | 4 000 | 6 000 | 8 000 | 10 000 | 12 000 

t lOOO.EoA, “Pure” Al 

10 -3.1 -4.8 I -6.8 I -7.0 I - 7.6 I - 6.9 


Table 8. — ( Continued ) 


V 

t 

"To - 

20 

30 

40 

60 

60 

70 

80 

90 

100 


12 000 


-3.1 

-2.7 

-2.27 

-1.82 


-4.05 

-3.33 

-2.60 


-1.40 -1.82 

-0.97 -1.00 


-0.60 -0.11 
-0.025 4-0.82 
4-0.48 4-1.84 

4-1.01 4-2.94 


-4.9 
-3.8 
-2.58 
-1.26 
4-0.08 
4-1. ^ 


-7.0 

-4.9 

-2.97 


- 7.6 - 6.9 

- 4.75 - 3.4 


-2.97 - 1.87 4- 0.1 

-1.15 -f 0.75 4- 3.25 

4-0.64 4- 3.16 4- 6.24 

4-2.43 4- 5.47 4- 9.05 

4-4.23 4- 7.69 4-11.7 


-1.00 4-0.08 4-2.43 + 5.47 4- 9.05 

-0.11 +1.*7 4-4.23 4- 7.69 4-11.7 

4-0.82 4-2.89 4-5.98 + 9.82 4-14.39 

4-1.84 +4.32 4-7.66 4-11.89 4-17.01 

42.94 4-5.77 49.29 4-13.84 +19.62 


4-13.84 +19.62 


If p < 6500, .Ed 10) 6 = 

[ — 2.167 p + 0.131(10)-*p*)f + [24.5 (10)"*p - 0.2(10)-*p*]<*. 
If p >6500, .£,(10)® = [ — 11.09(10)* + 0.497p - 14(10)" V) + 
[144.6 - 9.85(10)"*p + 1.675(10)"‘pT- Mean probable error in 
,E 0 is ± 10"» volt =» 0.01/iV. 


t 

10 - 1.2 
20 -0.95 

30 -0.77 

40 -0.48 

50 -0.16 

60 +0.18 
70 +0.57 

80 +1.00 


1000 »E 0 /t, Commercial Al 


-1.9 
-1.4 
-0 90 
-0.25 
+0.52 
+ 1.40 
+2.31 
+3.25 


-1.7 

-0:95 

-0.07 

+ 1.00 

+2.34 

+3.78 

+5.33 

+6.87 


- 2.0 
0.0 
4- 1-9 
+ 3.70 
+ 5.40 
+ 7.33 
+ 9.57 
+ 11.80 


- 0.6 
+ 2.5 
+ 5.13 
+ 7.32 
+ 9 60 
+ 12.12 
+ 14.79 
+ 17.25 


+ 18 
+ 5.8 
+ 8.83 
+ 11.60 
+ 14.40 
+ 17.50 
+21.04 
+24.70 


Mean probable error in ,E 0 = ±10 8 volt =■ O.Olpv. 
”1 I 1000 ,E 0 /t, Fe, Ingot, An * 


- 4 
+ 4.2 
+ 11.0 
+ 15.1 
+ 16.7 


- 7.5 

-14 

-25 

-37 

+ 5.5 

+ 6.5 

+ 0.6 

- 3.2 

+ 18.0 

+21.2 

+21.8 

+24.2 

+28.5 

+39.4 

+48.9 

+56.0 

+32.5 

+46.0 

+58.2 

+68 6 


-49.5 

- 10.2 

+23.3 

+61.1 

+76.8 


\Q00.E o /t, Fe, Ingot, Hd.* 


_i 

20 

40 

60 

80 

100 

t 

20 

40 

60 

80 

100 

t 

20 

40 

60 

80 

100 


nu, * W nuivi ivmii • ” •• — — — — ■ 

drawn; soft commercial soft iron wire. Mean probable erfor in JZ» la ±5 X 
10" 7 volt - 0.5#»v. 


+ 1 
+ 5.8 
+ 10.3 
+ 15.9 
+23.0 


- 7.5 
+ 4.5 
+ 17.3 
+30.2 
+44.2 


-12 
+ 6.2 
+23.8 
+42.5 
+66.9 


-22.5 
- 0.5 
+26.7 
+62.5 
+87.0 


- 27 
+ 2.5 
+ 30.8 
+ 63.9 
+ 107.0 


- 37 
+ 0.2 
+ 36.7 
+ 76.5 
+ 128.0 


1000^/1, Fe, Soft* 


- 1.6 

- 6.5 

-14.5 

-25 

-37.5 

-56 

+ 3.8 

+ 5.5 

+ 1.8 

- 3.8 

-10.0 

-20.5 

+ 7.7 

+ 13.7 

+ 15.5 

+ 14.7 

+12.5 

+ 7.3 

+ 12.7 

+23 1 

+30.9 

+36.8 

+39.8 

+39.9 

+23.4 

+42.0 

+56.8 

+69.4 

+82.5 

+95 6 


t 

10 

20 

30 

40 

50 

60 


+ 0.1 

+0.15 

+0.40 

+0.60 

+0.76 

+0.87 


-0.4 
0.0 
+0.40 
+0.82 
+1.16 
+ 1.38 


1000 t Eo/i, Sn 
-1.4 I -4.1 


-0.5 
+0.37 
+ 1.05 


-2.25 

-0.67 

+0.52 


+ 1.56 +1.40 

+1.85 +2.03 


-8.3 

-5.15 

-2 50 

-0.48 

+0.96 

+1.95 


-13.6 

- 9.1 

- 5.13 

- 2.02 
+ 0.20 
+ 1.72 


2 000 | 4 000 


6 000 | 8 000 
1000,^/t, Sn 


10 000 12 000 


70 +0.91 +1.52 +2.09 +2.46 +12.61 + 2.73 

80 +0.92 +1.59 +2.20 +2.72 +3.04 + 3.36 

90 +0.91 +1.63 +2.29 +2.87 +3.29 + 3.72 

100 +0.87 +1.65 +2.32 +2.92 +3.41 + 3.90 

Mean probable error in ,E 0 is ±2 X 10“ 8 volt = 0.02pv. 

Table 9. — Effect of Longitudinal M aonetic Field ( H ) and of 
Tension (t) upon Thermoelectric Properties of Metals ( ,2 ) 

tuEo - thermo emf around a circuit composed of two specimens 
of the same material, one specimen ( tH ) is subjected to tension 
r and field H\ for the other specimen (o), r = 0, H = 0; one 
junction is at t u °C and the other at ft, °C. thQ' 0 = r uE 0 /{ti — U). 
In certain cases, r nQo = a(l — e~°- 00lhff ) if r, t x and t* are kept 
constant. H m is value of // at which t bQo is a maximum. 

In general, the algebraic value of uQ 0 decreases as the hardness, 
the intensity of magnetization, and (t% — *i) increase, either 
individually or collectively. 

For the following data, h = 14°C, = 100°C; probable error 

in Q' = ca. 0.5 X 10" 8 volt/°C. Unit of Q' and a = lmpv/°C =• 
10" 9 volt/°C; of H = 1 gauss; of r = 1 kg/cm* = 14.22 lb./in.*; 
of 6 = 1 gauss" 1 . 

H I 400 I 450 I 800 I « I Maximum . 

Metal —> „ Tj a b 

T rllQo r/7V 0 

Co* 0 + 90 + 91 + 96 + 97 + 97 -6.4 

Co| 0 + 60 + 64 + 81 + 93 ±-93 -2.6 

Fet 0 + 80 + 53 + 44 +110 100 

1620 0 - 28 - 40 + 35 40 


Metal 


Co* 

Cof 

Fet 


+ 97 -6.4 
+ 93 -2.6 


100 


Fe, C§ ... 

Ni|| 


0 + 50 


- 40 + 35 40 

+ 36 + 68 200 


Ni || 0 +329 +336 +353 +355 +355 -6.5 

447 +382 +386 +390 ±-392 +392 -9.2 

970 +408 +424 +486 +485 +485 -4j 

* Cast, f Rolled X Pure Fe. Q’ rises rapidly to a maximum, and then 
decreases. If H > 200. uQ. for annealod Fe is 40 X 10"* volt/°C less than 
HQ e f6r unannealed iron. For soft Fe. llQ. > 0; for annealed steel, hQ» < « 

$ Hard steel. || Annealed. 

Table 10.— Effect of Magnetic Field (H) and Tension (t) 
upon Thermo Emf of Bimetallic Circuits ( 7 ®) 

A E/E = ( mEcu - uE^/mEc*, whore M Ec» » thermo emf of the 
Af- Cu circuit when M is subjected to H andr, uE c u * thermo emf 
of the same circuit when H = 0, r «= 0; the temperatures «„ U) of 
the junctions are the same for hE'c as for v£co. Probable orrorm 
&E/E = co. 27o of *E/E. The composition of each metal MV 
stated in the table. //„ = value of H at which A B/Eu a mud- 
mum. Unit of H - 1 gauss; of r - 1 kg/cm« - UM . 

of composition of M » 1 wt. %. 

A. Longitudinal magnetic field; <1 ” 0 c » 11 85 .— 


200 


400 


800 


Fe 

100 


Cu 

T 


Maxi- 

mum, 


1000 &E/E | hE/E 


100 

W " 61 6 Vs.7 +1:™+ 2.1 +0.5 +10.3 90 

1050 + 2.86 - 0.76 - 3.9 - 6 0 + 4.7 90 

2090 - 4.65 - 7.95 -11.4 13.6 

99 2 0.8 0 +18.0 +15.76+12.9 +10.5 + 9.2 » 

741 +13.35 +10 35 + 7.3 + 5.0 + 4./ “ 

935 + 8.85 + 6.85 + 2.48 + 0.6 +10.6 100 

... ;g : s IS 

1020 +31.5 +21 0 + 0.6 + 2.0 +36.U ^ 

2040 +11 0 + 0.5 -11.0 20.0 + 


100 

60 
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Table 10A. — ( Continued ) 


« «•»»/* % • 

M 

H 

200 | 

400 

800 

00 

Maxi- 

mum, 

A E/E 


Fe 

Cu | 

7 

1000 A E/E 

98.0 

2.0 

0 

+38.5 

+32.5 

+25.0 

+21.0 

+40.0 

120 




+25.5 

+18.5 

+ 11.0 

+ 4.0 

+28.5 

100 




+ 11.3 

+ 

4.0 

- 5.8 

-10.5 

+ 15.3 

HI 

96 

4 


+28.8 

+25.0 

+20.5 

+ 17.0 

+29.5 





+21.5 

+ 17.0 

+ 11.8 

+ 7.5 

+22.5 




2200 

+ 13.3 

,+ 

8.5 

+ 3.0 


+ 14.9 

100 

94 

6 

0 

+26.0 

+21.0 

+ 15.6 

+ 12,0 

+29.0 

100 



930 

+ 14.0 

+ 

8.0 

+ 2.5 

- 1.5 

+ 18.0 

80 



1850 

+ 5.5 

— 

0.5 

- 7.5 

-13.5 

+ 10.0 

70 

93 

7 

0 

+44.5 

+34.5 

+25.5 

+18.5 

+49.3 

95 



1160 

+24.0 

+ 13.0 

+ 2.8 

- 6.0 

+31.0 

90 



2310 

+ 3.0 

— 

8.5 

-20.0 

-29.0 

+ 12.0 

70 

Fe 

kdfl 









98.9 

1.1 

0 

+24.8 

+ 19.3 

+ 15.8 

+ 12.1 

+27.0 

100 



964 

+ 14.0 

+ 

8.5 

+ 3.4 

+ 0.5 

+ 16.6 

95 



1920 

+ 4.5 


0.9 

- 6.5 

BEU 

+ 7.0 

80 

98.1 

1.9 

0 

+45.0 

+37.5 

+29.8 


+48.0 

100 



984 

+26.0 

+ 17.7 

+ 10.0 

Bill 

+32.0 

90 




+ '9.5 

+ 

1.5 


-12.5 

+ 14.0 

70 

93 

7 


+ 5.3 

+ 

5.05 

+ 4.6 

+ 4.1 

+ 5.4 

240 



963 

+ 3.6 

+ 

3.2 

+ 2.7 

+ 2.1 

+ 2.7 

120 




+ 1.95 

+ 

1.4 


+ 0.45 

+ 2.25 

100 

88.7 

11.3 


+ 2.6 

+ 

3.2 

+ 3.2 

+ 2.9 

+ 3.25 

500 



931 

+ 2.5 

+ 

2.8 

+ 2.85 

+ 2.5 

+ 2.87 

700 




+ 2.1 

+ 

2.5 

+ 2.45 

+ 2.1 


430 

0 

100 


+ 7.00 

+ 



+ 9.75 


00 



1290 

+ 6.25 

+ 10.60 

+ 12.90 

+ 13.30 

+ 13.30 

00 



2610 

+ 3.85 

[+ 

9.00 

+ 13.80 

+ 14.75 

+ 14.75 

CO 


B. Transverse magnetic field; t x = 22°C, h = 100°C 


M 

r - 0 




r = 2070 

Ni 

H 

1000 AF / E * | 

H 

100QAE/E* 

H 

1000 A E/E* 

100% 

3000 

BS 

3100 

+5.9 

FnBJ 

+4.8 


5900 

+ 12.5 

5750 

+8.6 • 


+5.7 


8500 

+ 16.5 

8400 

+8.4 

8400 

+5.6 


• Change due to H,r being constant. 


Table 11. — Peltier Coefficient: Directly Observed 
For all couples including constantan, see Table 12 

When uPr is positive, there is an absorption of heat as the 
current passes from R to M. When M is a binary alloy, the % bj 
weight of the second component appears under the symbol of thal 
component. The coefficients for other couples can be computec 
from data in Tables 1 to 6; the accuracy of values so computec 
probably exceeds that of those directly measured. Unit of P = 
1 /iv * 10“® volt; of “Error” = 1% of P; t — centigrade temper- 
ature, °C. 


M 


I * 

t 

1 mPr 

Error 

Ag i 



0 

+ 480 

2 




0 

68 

2 




18 

30 

30 

A« 

Pd 




2 


0 

Cu 

0 

68 



10 



7 1 693 



20 


0 

- 2 215 



30 


0 

- 3 240 



40 


0 

- 4 960 



60 


|H|5| 

- 8 650 



60 



- 9 980 



70 


0 

- 8 500 



80' 



- 6 150 



90 


0 

- 4 290 



100 


0 

- 2 380 



Lit. 


( 50 } 

( ,4 ) 

(* 4 ) 

(* 4 ) 


Table 11. — ( Continued ) 


Af 


H 

t 

A iPr 

| Error 

Lit 

Ag 

Sn 







70 

Cu 

20 

674 

2 

( ,4 ) 

A1 


Cu 

15 8 

cjCLn 
— Ww 

1.5 

( 24 ) 

Au 


Cu 

0 

329 

2 

('*) 

Au 

Pd 




2 

(» 4 ) 


0 

Cu 

0 

329 




10 


0 

- 2 086 




20 


0 

- 2 865 




30 


0 

- 7 710 




40 


0 

- 10 610 




50 


0 

- 8 200 




60 


0 

- 6 720 




70 


0 

- 6 210 




80 


0 

- 5 870 




90 


0 

- 4 810 




100 


0 

- 2 380 



Bi ± * 


Cu 

8.1 

- 14 620 

2-3 

(»«) 




20.6 

- 15 730 

2-3 

(SI) 




22.4 

- 15 700 

2-3 , 

(••) 




19 75 

- 14 120 

2 

(IS, 

Bill 


Cu 

20.5 

- 21 060 

2 

(IS) 

Bi (45) * 


Cu 

19.5 

- 23 300 

2 

(IS) 

Bit ? 


Cu 

18 

- 16 130 

1 

(* 4 ) 



Cu 

20.7 

- 19 350 

2 

( 24 ) 



Cu 

25 

- 22 300 

4 

C 7 ) 

Bi ( 

Sn 







3.75 

Cu 

20 7 

+ 10 870 

2 

( 24 ) 


6.36 


20.7 

+ 11 670 

2 

(* 4 ) 


9.93 


20.7 

+ 10 450 

5 

(* 4 ) 

C 


Cu 

20(?) 

- 2 943 

3 

( 4 «) 

Cdt 


Cu 

0 

+ 682 

2 

(T, as, so. 







S7) 

Cu 

See other metal in column M 



Cu Ni ^ 







n # > See Table 12 

Constantan 1 




I 


Cu, Ni, Zn§ 


Cu 

20 

- 7 400 

2 

( l4 ) 

Fe 


Cu 

0 

+ 3 680 

3 

(50) 



Cu 

19 

+ 2 893 

3 

( 40 ) 



Cu 

20 

+ 2 995 

2 

( ,4 ) 



Cu 

25 

+ 2 930 

4 

(S7) 



Hgt 

18.5 

+ 4 880 

2 

( M ) 



Ni 

15 

-f 9 600 


( 7 ) 

German ailver, see Cu, Ni, Zn 






MoSt 


Cu 

23.5 

-173 500 

20 

( 4 °) 

Nil 


Cu 

0 

- 5 070 

2 

(4. 7, *4, 







25, SO) 

Nickeling 


Cu 

20 

- 6 540 

2 

( l4 ) 

Pd 


Cu 

0 

- 2 380 

2 

( ,4 ) 



Cu 

0 

- 2 920 

2 

( l4 ) 

Pd 

Pt 




2 ' 

(M) 


0 

Cu 

0 

- 2 920** 




10 


0 

- 738 




20 


0 

+ 51 




30 


0 

-1- 284 






20 

296 




40 


0 

+ 170 






20 

188 


1 


50 


0 

79 




60 


0 

250 




70 


0 

545 


1 


80 


0 

748 




90 


0 1 

- 1 134 



• 

100 


0 

- 1 531 



Pt 


Cu 

0 

- 1 531 

2 

(» 4 ) I 



Cu 

0 

370 

3 




Cu 

17.1 

845 

1.3 

(* 4 ) I 

QL 


Cu 

20 

- 1 070 

2 

i' 4 ) I 

OD 


Cu 

25 

+ 5 640 

4 

t 57 ) I 

Si 


Cu. 

19 

+ 175 100 

16 

( 40 ) I 

Znt 


Cu 

0 

+ 684 

3 | 

(7, SO, S 7 ) 1 


• Bi j_, BiB, Bw» - current perpendicular, parallel, at 45° to axia of Bi cryata 
See also Table 13. For transverse Peltier effect, see p. 214. 

t Direction of current with reference to axia of cryatal ia not stated 
t See Table 12. 

™L a< ^ ,n COmp °" tion “ not "‘ated, ‘t u»uaUy lie. between 500 

30Ni, 20 Zn and 57Cu, 7Ni, 36Zn. 

1 Compoaition ia not aUted; probably 75 to 55 Cu; 18 to 32 Ni; 0 to 20 Zi 
Compare with corresponding value for Ae-Pd, Au-Pd by aame author. 
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Table 12. — Peltier Coefficient: Directly Observed 

Variation with Temperature 

Data for other couples may be derived from data in Tables 1 
to 6; values so computed are probably more accurate than those 
directly measured. uP R = u + vt + wf 2 if l lies between {, and 
l-i. Unit of P = 1 = 10 -8 volt; of “Error” = 1 % of P; 

li = centigrade temperature, °C. 


M 

* i 

h i 

h 1 

u 

V 

w 

Error 

Lit. 

Cd 

Cu 

0 

25 

+ 682 

- 7.6 


1 2 

(7, as, so, 

* 7 ) 

|a 


Cd 

21 

570 

- 8 710 

-410 

-0 020 

2 

(IS) 



Cu 

0 

20 : 

-11 340 

-61.0 


1 

(14, IS, 

3 • — 

c 2 


Cu 

15. 5i 

15.5 

-10 210 




( 7 ) 

£ . - 
- 3 


Fc 

0 

560 

- 12 080 

-44.0 

-0 051 


( 7 »”> 

« r s 

C ^ 

>-»- 


Hr 

-80.6 

+ 20 

- 8 250 

-62.3 

-0 32 


(15) 

w 

O 


Pb 

20 

440 

- 7 970 

-35.1 


2 

(»») 


t 

Sn 

20 

570 

- 7 710 

-34.2 

-0.012 

2 

l* 8 ) 

Cu (fee other metal 

in column Af) 






Fe 


Hg 

18.5 

182 ; 

+ 4 600 

+ 15 6 

-0 034 

2 

(•.») 

Ni 

4 

Cu 

0 

445 

- 5 070 

-23.0 

-1.24 

2 

(4, 7, 14, 










as, SO) 

Zn 

_ 

Cu 

0 

25 

+ 684 

-92 


3 

(7. »0, 17) 


* Composition is not stated; probably about 60Cu, 40Ni. 


Table 13. — Peltier Coefficient of Bismuth: Directly 
Observed Effect of Magnetic Field (i«) 

AP = P' —P, P' - Peltier coefficient when H = 2300 gauss, 
P =* Peltier coefficient when H = 0; the direction of the current 
(II, -L, 245°) is referred to the crystallographic c-axis. AB 
denotes the plane which includes the axis and the direction of the 
current. Unit of A P = l M v = 10 -8 volt. 


Direction of current 

X 

ii 

Z45° 

Direction of // 


A P 


1AB 

-565 

-1393 

-2560 

|| AB, || axis 

-416 

- 226 

- 125 

|| AB, X axis 

-264 

-1393 

-1286 

|| AB, || current 

-264 

- 226 

- 753 

|| AB, X current 

-416 

-1393 

- 991 


Table 14. — Thomson Coefficient (<r): Directly Observed 

<t = a + /3f(10)“ 2 4- 7f*(10)“‘ if t lies between t, and f t ; when 
a is positive, there is an absorption of heat as current flows from 
regions of higher to those of lower temperature. 

For other cases, a may be computed by means of the relation 
<jm — 0 r * ~ T (d 2 m E r / dl 2 ) , using the data in Tables 1 to 6; 
probably values so computed are more accurate than those directly 
measured. Unit of a = l M v/°C = T0“ 8 volt/°C; of “Error” =» 
1% of <t; <i, t t = centigrade temperature, °C. 

A. Elementary substances 


Symbol | 


t\ 


It 


a 


6 

y 

Eiror 

Lit. 

Ag 

— 

168 

— 

123 

— 

0.112 

+ 

9.47 

+ 42 

2 

(*■) 


— 

123 

+ 

127 

— 

1.17 

— 

0.60 


2 

(*«) 


+ 

123 

+ 

525 

— 

3.08 

— 

0.302 


2 

(•') 

Al 

— 

13 

+ 

119 

— 

0.04 

+ 

0 475 


10 

(»•) 


+ 

71 

+ 

322 

+ 

0.2685 

+ 

0.080 


2 

(*•) 

Au 

— 

173 

— 

100 

— 

1.01 

+ 

0.65 

+ 6.1 

6 

(«•) 



100 

+ 

103 

— 

1.40 

— 

0.44 


5 ! 

(»•) 

Bi* 

+ 

25 

| + 

32.5 

+ 

6.76 

+ 

2.8 


1 5 

< M ) 


+ 

43.5 

+ 

43.6 

+ 

58 




10 

(*«) 






+ 

5.32 




4 

(•) 






+ 

4.27 





(• 7 ) 

C(.)t 





— 

4.6 





(") 

C(t)t 

+ 1527 

+ 1827 

+ 

3.7 

+ 

0.01 


5 

(•*) 


— 

163 

— 

83 

— 

2.25 

— 

1.5 


5 

(*•) 


— 

83 

+ 

107 

— 

5.62 

— 

5.99 

+ 18.6 

5 

(*•) 


+ 

48 

+ 

343 

— 

9.00 

— 

1.55 

- 1.5 

2 

(*•) 

Cu 

— 

172 

— 

60 

— 

2.244 

— 

2.5 

- 6.4 

5 

(IS* It) 


— 

60 

+ 

127 

— 

1.42 

— 

0.74 


5 

(*•) 


— 

86.7 

+ 

107 

— 

1 60 

— 

0.48 


2 

(•) 


+ 

252 

+ 

a> 

00 

— 

1.37 

— 



2 




Table I4A. — ( Continued ) 


Symbol I ( It I a 1 (j | y I Error I LU. 


Fet 

— 

51 

+ 

115 

+ 

4.00 

+ 8.4 


6 

(•) 1 


+ 

32 

+ 

182 

+ 

7.66 

+ 4.1 

+ 17 

3 

< 4> ) 


■h 

53 

+ 

308 

+ 

2.07 

+ 1,85 


4 

(•) 


+ 

48 

+ 

48 

+ 

11.3 



1 

(•I) 


+ 

49 

+ 

148 

— 

16.4 

+20.8 


7 

(«) 


+ 

91 

+ 

441 

+ 

7.785 

+ 8.61 

-21.4 

6 

(••) 

Hg . ... 

+ 

50 

+ 

150 

+ 

6.065 

+ 3.35 

+ 1.7 


(”> 


+ 

47 

+ 

262 

+ 

1.20 

+ 1.58 

- 4.8 


(1., 41) 

Pb 

— 

153 

+ 

117 

+ 

0.61 

+ €.221 

- 0.38 


(*•) 


+ 

45 

+ 

342 

+ 

0.03 

- 0.47 



(*•) 

Pt 

— 

72 

+ 

128 

+ 

9.10 

- 0.475 

+ 4.75 

1 

( # ) 

Si 

+ 

46 

+ 

46 

+ 794 



10 

(”) 

Sn 


171 

+ 

112 • 

✓ 


0.09 

+ 0.50 


5 

(>•) 


+ 

51 

+ 

266 

+ 

0.35 

+ 0.093 


1 

(«) 

Ts 

+ 1-127 

+ 1827 

+ 

12.5 

- 2.0 


6 

(•*) 

W 

+ 1227 

+ 1927 

— 

32.4 

+ 3.5 


5 

<•*) 


+ 1527 

+ 2127 

— 

12.54 

+ 2.0 


2 

(”) 

Zn | 

— 

173 

+ 

40 

— 

2.74 

- 1.15 


3 

<»») 


+ 

40 

+_ 

343 

— 

3.112 

- 0.235 


2 

<”) 


B. Alloys and compounds 


Alloy 

Ii 

li 

a 

6 

y 

1 Error 

| Lit. 

Bi-8n Q 





s 



1.23 

+48 

+ 76 

+ 62.4 

+m 


1.5 

<“) 

3.01 

+30 

+ 72 

+ 65.0 

+ 120 


.1.5 

<“) 

10.0 

+38 

+ 75 

+ 75.8 

+ 39 


1.6 

< f4 > 

23.6 

+ 25 

+ 68 

+ 33.3 

+ 12 


1.5 

( 44 ) 

1.00 

+43.6 

+ 43.5 

+676 



10 

<* 4 ) 

2.00 

+43.6 

+ 43.5 

+537 



10 

<* 4 ) 

3.72 

+ 43. 5, 

+ 43.6 

+207 



10 

(* 4 ) 

6.36 

+43.6 

+ 43.5 

+ 187 



10 

< 14 ) 

MoS»l i i 

+50 

+ 60 

-113 



20 

(•*) 

Constantan** 

+87 

+481 

+ 20.00 

+ 2.654 

-10.05 

10 

(••) 


+60 

+ 60 

+ 19.78 



5 

(••) 


+ 20.5 

+ 20.5 

+ 25.33 



5 

( ,4 > 

German silver** . . 

+ 23 

+ 23 

+ 10.45 



6 

(« 4 ) 

Manganin** 

+60 

+ 60 




6 

(••) 

Nickelin** 

+31 

+ 31 




6 

< 14 ) 

Piano wire**. 

+ 28 

+ 28 




6 

( ,4 > 


• a varies greatly from one specimen to another. 8*4 aUo Table 1 
t C<i) " 70 % graphite; C(ii — lamp filament. 

t Exhibits thermoelec trio hysteresis, sometimes as great aa 25 % of mean 
The occurrence of signs opposite to thoae which would be inferred from B 
is probably due to the presence of impurities. 

| Numerical value of r increases rapidly between 40 and 100*C. 

H o varies from one specimen to another; the % of 8n by weight is Indicated 
below the 8n. 

1 The current flows perpendicular to e-«xis of the crystal. 

** Composition is not stated. Possibly: Cons tan tan - 60Cu, 40NI. Ger- 
man silver between 50Cu, 30Ni, 20Zn and 57Cu, 7Ni, 36Zn. Ma n g an in - 
84Cu, 1 2Mn, 4Ni. Nickelin - 75 to 55Cu, 18 to 32Ni, 0 to 20Zn. Piano 
wire - 08.89Fe, 0.67C. O.OOSi, 0.018, 0.02P, 0.42Mn. 


LITERATURE 

(For a key to the periodicals see end of volume) 

(») Aalderink. 18, 18: 321; 10. (*) Adams and Johnston, 19, »; 534; 13. 

Johnston and Adams, It, SI: 501; 11. (*) Agrieola, Di» s., Erlangen, 1902. 
(«) Barker. 2, 81: 321; 10. (*) Barrett, 5, 48 : 309; 00. (•) Battelli, Mtm. 
accad. Torino, 86: 487; 85. 23, 8: 1137; 87. 69, 11:228; 87. 18: 187; 87. 
(7) Beck, 249, 68: 103, 470; 10. (•) Beoquend, 8, 8 : 389; 68. (») Berg. 

8,8 1:447; 10. ^ 

10) Bernoulli, 8, 88 : 690; 10. 200, 8: 270; 12. (>*) Bid well, 9, 8 : 304; 14. 
10 : 756:17. 18 : 447; 22. 88: 357; 24. (**) Bidwell, 6, Tt : 413; 04. ( ) 

Bordoni, 69, 1: 245; 11. (* 8 ) Borelius, 8, M- 398; 17. •*: 615; 17. 

388; 18. (»•) Borelius and Gunneson. 8, U. 520; 21. (»•) Borelius and 

Lindh, 8, 81: 607; 16. 88: 97; 17. (* T ) Bridgman. 66, 88 : 269; 18. US 
101; 26. i, 8 : 269; 17. (*•) BroniewaJd, 8, Ui 5; 12. 74, 10. 94, 

180: 1754; 10. 1U: 85; 11. IMt 1983; 13. (*•) BroniewaW and ffack- 

spill, 34, 168: 814; 11. 6, 88 : 455; 14. . 

■•) Brown «,d Sbudd.mwn, t. • : 3M; 15. (•') Bar *«* “1 Cr ”'*' 

10: 315; 14. (»«) Bur,-, .nd Soo«. SI A. 14: 15: 10. (•') % 

04 : 268:15. (»*) C-wrJl, t. It: 370: 11. T: 260; 15. 1»: 231: 18. < ) 

Comudr. 8. 14 : 351: 07. 14 : 521; 08. M: 1105: 10. (“) C"™** 
Schmidt, 8. 88 : 576; 11. ( iy ) Coblsnta, 3IA, •: 10 *i 09. T: 107, 10. 

(«•) Darling and Rinaldi. 67, 88 : 281; 24. (••) Day and Bosnian, 19. lit. 

93; 10. 





























229 


ELECTRICAL CONDUCTIVITY— AQUEOUS SOLUTIONS 


(*•) de® Coudre®, 8, 41: 673; 01. (**) Dewar and Fleming, 3, 40 : 95; 95. ej. 
Dickson, 174,* 4T: 737; 11. (**) Dupuy and Porterin, 34, 1M: 1082; 12. 
74, 11: 657; 15. (»») Eufliach, 8, 10: 88; 93. («•») Erhard. 8, 14 : 504; 
81. (* 4 ) Feusener and 8t. Lindeck, 89, 1: 501; 95. (*•) Fischer and 

Pfleiderer, 96, 11: 237; 21. Fischer and Pfleiderer, 6t3, 4 : 440; 19. 

(*•) Forsythe, W. E., Nela Park Laboratory, Cleveland, Ohio, 0. (* 7 ) 

Fuller, 73, IT: 241; 15. (>•) Gehlhoff and Neumeier, 88, 15 : 876; 13. 

(*•) Geibel, 93, 69: 38; 11. TO: 240; 11. 

C 4# ) Gottstein, 3, 41: 1079; 14. ( 41 ) Haken, 3, 11: 291; 10. ( 4 ») Haga, 3, 18: 

179; 86. ( 4J ) Hall, Campbell, 8erviss and Churchill, 66, 41: 597; 07. (««) 

Hirsch, 73, 10: 57; 11. (*•) Holborn and Day, 3, 1: 505; 00. 73,10:171; 

00. 73,109:691. ( 4 «) Holborn and Wien, 3, 47: 107; 92. ( 4 «-») Holmee, 

R. M., Cornell Univ., O. ( 47 ) Hunter and Bacon, 78, 14 : 323; 19. ( 4B ) 

Hutchins, It, 48: 226; 94. ( 4B ) Ingersoll, t, 16: 126; 20. 

(••) Jahn, 3, 14 : 755; 88. ( Bl ) Jordan, 3, 11: 454; 11. (**) Koenigsberger and 

Weiss, 3. 15: 1; 11. (•») La Rosa, 69, 11: 284; 16. (* 4 ) Laws, 3, 7: 560; 


04. (*■) Lecher, 3, It: 853; 06. 10 : 480 ; 06. (••) Ledoux, 34, 155 : 35; 

12. (* 7 ) LeRoux, 6, 10: 201; 67. (•*•>) Morugin*. 97, 7 : 486 ; 26. (••) 

Nettleton, 6, 19: 59; 16. (••) Noll, 3, 51: 874; 94. 

• 

(••) Norsa, 34, 155: 348; 12. (•») Northrup, 33, 9:45; 13. 15: 193; 16. («*> 

Onnee and Holst, 6+P, 17: 760; 17. (•*) Oosterhuis, 18, 1: 7; 12. (« 4 ) 

PSchcux, 34, 119: 1202 ; 04. 147: 532; 08. 148: 1041; 09. 149: 1062 ; 09. 
167: 487; 18. (•*) Pelabon, 16, 13: 169; 20. 34. 176: 1306; 23. (••) 
Reichardt, 3, 6: 832; 01. (* 7 ) Riecke, LtKrbucK der experimental Pkytik, II: 

345 ; 96. (••) Rohn, 96, 16: 297; 24. (•») Rudolfi, 93, 67 : 65; 10. 

( 70 ) Schoute, 18, 11: 175; 07. ( 71 ) Sedstrdm, 3, 69: 134; 19. 96, 18: 155; 21. 

( 71 ) Shearer, g, 14: 238; 12. ( 7 ») Siebel, 3, 60: 260; 19. ( 74 ) 8iegel, 3. 

18 : 588; 12. ( 7 ») Smith. 2, St: 178; 11. 19: 285; 22. 22: 58; 23. (*«•») 

Sosman, It, 10: 1; 10. ( 7 «) Steele, 3, 37: 218; 94. ( 77 ) Swisher, t, 10: 

601; 17. ( 7 ») Wagner. 3. 27: 955; 08. ( 7 ») Wick, t, 15: 382; C7. 

(•°) Wietsel, 3. 43: 605; 14. (•») Worthing, t, T: 497; 16. 


ELECTRICAL CONDUCTIVITY OF AQUEOUS SOLUTIONS 


Con tint s 

Introduction, symbols and 
unite. 

Standard solutions for deter- 
raining cell constants. 


MATINEES 

Introduction, symboles et 
unites. 

Solutions Etalons pour la 
determination de la con- 
stante des cuves. 


I N H ALTSVE RZ EIC HN 1 8 

Einleitung, Symbole und Ein- 
heiten. 

Normalldsungen ftir die 
Bestimmung der Wider- 
stands-Kapazitat des Ge- 
f asses. 

Ionen-Leitfahigkeiten. 

Salzl6sungen und Losungen 
aller starken anorganischen 
Elektrolyte. 

Ges&ttigte Losungen wenig los- 
licher starker Elektrolyte. 

Ltieungen aller schwachen Elek- 
trolyte und aller organischen 
Sauren und Basen. 

Ldsuhgen mit zwei geltfsten 
Stoffe. 

Seifenlttsuugen, Bd. V, S. 458. 


Indice p aqb 

Introduzione, simboli e 

unita 229 

Soluzioni campione per 
determinare le costanti 
delle cellule 230 


Conducibilita ionica .... 230 
Soluzioni di sali e di tutti 
gli elettroliti forti inor- 


ganici 230 

Soluzioni sature di elet- 
troliti forti debolmente 

solubili 250 

Soluzioni di tutti gli elet- 
troliti deboli e di tutti gli 

acidi e basi organici 259 

Soluzioni contenenti due 
sostanze disciolte 305 


Soluzioni disaponi, Vol. V, p.458. 


Ionic conductivities. 

Solutions of salts and of all 
inorganic strong electrolytes. 

Saturated solutions of slightly 
soluble strong electrolytes. 

Solutions of all weak electrolytes 
and of all organic acids and 
bases. 

Solutions containing two 
solutes. 

Soap solutions, Vol V, p. 458. 


ConductibilitEs ioniques. 

Solutions de sels et de tous les 
Electrolytes forts inorgani- 
ques. 

Solutions saturEes des Electro- 
lytes forts peu solubles. 

Solutions de tous les Electro- 
lytes faibles et de tous les 
acides et bases organiques. 

Solutions contenant deux corps 
dissouts. 

Solutions de savon, Vol. V, p. 
458. 


INTRODUCTION 


Abbreviations, Symbols and 

Units 

* Specific conductance in 
ohm -1 cm" 1 

C Concentration in milliform- 
ula-weighte per 1 of solu- 
tion at the temperature f, 
unless otherwise indi- 
cated. 

A - 10 St/C 

The unit of specific conduct- 
ance is the reciprocal ohm and 
it is assumed that the standard- 
izing solutions shown in the 
tables below have the specific 
conductances there given. To 
bring the older data into har- 
mony with these values, the 
authors’ conductance values 
have been increased by the 
appropiate amount a& indicated 
in column 5 of Table 1. 


AbrAvIATIONS, 8YMBOLE8 ET 

UNITES 

* ConductibilitE spEcifique en 
ohm" 1 cm" 1 . 

C Concentration en milli- 
molEcule grammes pour 
1 de solution A la tem- 
pErature t, A mo ins d’une 
autre indication. 

A - 10 VC. 

L’unite de conductibilitE 
spEcifique est l'ohm rEciproque 
et il a EtE admis que les solu- 
tions Etalons donnEes dans les 
tables ci-dessous ont les con- 
ductibilitcs spEcifiques men- 
tionnEes A cette place. Pour 
mettre en harmonie avec ces 
valeurs les donnEes plus ancien- 
nes, les valeurs de conducti- 
bilitE donnees par les auteurs 
ont EtE augmentEes d’ui.e quan- 
tity appropriEe, com me cela 
est indiquE dans la colonne 5 de 
la Table 1. 


AbkOrzunqen, Symbols und 

Einheiten 

* Spezifische Leitfahigkeit in 
Ohm" 1 cm" 1 . 

C Konzentration in Milli- 
grammformel-Gewicht fGr 

ein 1 der Lbsung bei der 
Temperatur t , wenn nichts 
anderes angegeben. 

A * 10VC. 

Die Einheit der spezifischen 
Leitfahigkeit ist das reziproke 
Ohm. Es wird angenommen, 
dass die Losungen, welche zur 
Bestimraung der Widerstands- 
Kapazit&t den Gefassen dienten, 
den spezifischen Leitfahigkeit 
haben, welcher in den unteren 
Tabellen angegeben ist. Um 
Altere Daten mit diesen in Uber- 
einstimmung zu bringen, werden 
die L^itfahigkeitswerte der Au- 
toren um einen entsprechenden 
Anted erhOht, wie es in der 
Kolonne 5 der Tafel 1 ange- 
geben ist. 


Abbreviazioni, simboli, k 

unitA 

* Conduttura specifica in 
ohm" 1 cm" 1 . 

C Concentrazione in milli- 
formula-grammo per 1 di 
soluzione a temperatura t 9 
a meno che non venga 
altrimenti indicato. 

A » 10 VC. 

L’unitA della couducibilitA 
specifica E il reciproco dell' 
ohm; si suppone inoltre che le 
soluzioni titolate di confronto 
che figurano nelle tabelle piA 
sotto hanno la conducibilitA 
specifica ivi indicata. Per po- 
ter mettere d’accordo con questi 
i valori piA vecchi, i valori dat- 
dagli autori sono stati accrei 
sciuti nel rapporto dovuto, 
come E indicato nella coLonna 5 
della Tabelia 1. 
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INTERNATIONAL CRITICAL TABLES 


SOLUTIONS FOR DETERMINING CELL 

CONSTANTS (i®») 

Table 1.— Kohlrausch Solutions 

The values given below have the following significance: Col. 2, 
grams of KC1 per 1000 g H,0, weights in air ( d - 0.0012). Col. 
3, temperature of measurement. Col. 4, specific conductance 
ohm -1 cm -1 . Col. 5, % difference, Col. 4 value minus the older 
Kohlrausch value. 


1 1 

2 1 

3 1 

4 1 

5 

Solution 

number 

g KC1* 

kg hY 0 

t } °C 

a (I. C. T. 

value) 

Corr., % 

1 | 

76 9153 

0 

0 6531 


1 


18 

.098116 

.108 

1 

i 


25 

.111687 


2 

7.49313 

0 

.0071416 

.118 



18 

.0111846 

.048 



25 

.0128765 

.027 

3 

0 . 74756 

0 v 

.0077422 




18 

.00122238 

.214 



25 

.00141037 

.186 

4 

76.925 

18 

.09812s 

.145 

5 

7 4945 

18 

.0111871 

.145 

6 

0 74766 

18 

00122252 

.145 

7 

Max.. H?SO« 

25 

0 8242 

0.18 


Table 2. — Parker Solutions 
< = A + 10-»B< + 10"«C t* 


g KCl/kg H,0* 

76.6276 

7.47896 

0 746253 

d, g/cm‘, 0°C 

1.04804 

1.004887 

1.000372 

t , °C 

Values of *, ohm -1 cm -1 

0 

0.06509a 

0.0071295 

0.00077284 

5 

.073876 

.0082055 

.00089203 

10 

.082886 

.0093158 

.00101513 

15 

.092132 

.0104603 

.00114215 

18 

.097790 

.0111636 

.00122023 


Table 2. — ( Continued ) 


g KCl/kg H:0* 

76.6276 

7.47896 

0.74625s 

d, g/cm J , 0°C 

1.04804 

1.004887 

1.00037a 

<, °C 

Values of *, ohm” 1 cm” 1 

20 

0.101607 

.0.0116393 

0. 00127307 

25 

.111322 

.0128524 

.0014078& 

30 

.121267 

.0140996 

.00154661 

A = 

0.065098 

0.007129s 

0.00077284 

B = 

1 7319 

2.1178 

2.3448 

C =» 

4.681 

6.850 

7.816 


* Id air {d =* 0.0012), brass weights. 


IONIC CONDUCTIVITY 

Table 3. — Ion Conductances at 18°C 

Based upon I. C. T. atomic weights ( v . Vol. I, p. 43) and upon 
the I. C. T. cell-constant values (Table 1 supra). Ion conduct- 
ances not given here may be obtained by subtracting Ah (resp. 
Aoh) from the A 0 values given in the tables beginning on p. 259. 


Ion 

A 

i/dA\ ; 
A \ d( / is 

) Ion 

A 

wr 

A\ d</i8 

H 

315.2 

0.01573, 

i OH 

173.8 

nrms 

Cs 

67.46 

XX • XX A XX “ XX | 

.0212 

Cl 

65.24 

.0216 

K 

64 20 

.0217 

Br 

67.31 

.0215 

NH« 

64 3 

.0222 

I 

66.25 

.0213 

Na 

43 16 

.0244 

NO, 

61.62 


Li 

33.02 

.0265 

CIO, 

54.87 

.0215 

T1 

65 3 

.0215 

BrO, 

47.6 


Ae 

53.8 

.0229 

IO, 

33.78 

.0214 

1 O • • 

*Ca 

5i 

.0247 

C,H,0,. ... 

35 

.0238 

iMg 

45 

.0256 

*C,0< 

6 i 

.0231 

JBa 

55 

.0239 

}SO« 

68 

.0227 

iPb 

6 i 

.0240 

iCrO, 

72 



SOLUTIONS OF SALTS AND OF ALL INORGANIC STRONG ELECTROLYTES 
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nitrates and sulfates. 
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strong electrolytes. 


Matures 

Sec. 1. — Halogdnures, nitrates 
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PART I. CONDUCTIVITY OF NEUTRAL HALIDES, NITRATES AND SULFATES 

Edward W. Washburn and Alfons Klemenc 


Contents 

Table 1. — Values of C up to 0.5. 

Table 2. — Values of C from 0.5 
to 1000. 

Table 3. — Values of C above 

1000 . 

In each table the salts are 
grouped according to the anion 
in the order F, Cl, Br, I, SO*, 
NO* and under a given anion 
the cations follow the standard 
arrangement. ( v . Vol. Ill, p. 
viii). 


Matures 

Table 1. — Valeurs de C jusqu'A 
0,5. 

Table 2. — Valeurs de C de 0,5 

A 1000. 

Table 3. — Valeurs de C au des- 
8us de 1000. 

Dans chaque table les sels 
sont groupAs en accord avec 
l’anion dans l’ordre F, Cl, Br, 
I, SO 4, NO* et sous un anion 
donn4, lea cations suivent l’ar- 
rangement type ( v . Vol. Ill, p. 

• • • v 

Vlll). 


Inhaltsverzeichnis 
Tabelle 1. — Werte von C bis 0,5. 

Tabelle 2.— Werte von C von 
0,5 bis zu 1000. 

Tabelle 3.— Werte von C fiber 

1000 . 

In jeder Tabelle sind die 
Salze in der Reihenfolge ihrer 
Anionen angeordnet; F, Cl, Br, 
I, S0 4 , NO,. Unter den gege- 
benen Anionen folgen die Katio- 
nen in der Standardanordnung 

(v. Bd. Ill, S. viii). 


Indice 

Tabella 1— Valori di C fino a 
0,5. 

Tabella 2.— Valori di C da 0,5 
a 1000. 

Tabella 3 — Valori di C sopra 

1000. 

In ciascuna tabella i sali sono 
raggruppati secondo l'anione 
neH’ordine F, Cl, Br, I, SOi, 
NO, e per un dato anione i 
cationi seguono l’ordinamento 

tipo (v. Vol. Ill, p. viii). 
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F 

TlF, 18 


c 

10VC 

0.1 

114.40 

0.2 

114.66 


NaF, 18° 

0.1 

89.10 

0.2 

88.81 


Table 1. — Values of C up to u.o 
For literature references, v. Table 2 

RbCl, 18° 

3 C 10 \/c c 

s K /c 0.1 132.1 

4.40 , CsCl, 18° 01 

4.66 0.1 132.0 0 2 

T 0.2 131.7 


KF, 18° 

0.1 110.02 

0.2 109.79 


Cl 

NHiCl, 18° 
0.1 129.3 

0,2 128.9 

(Ci&»)«NCl f 25 


0.01 

109.13s 

0.05 

108.93a 

0.07 

108 837 

0.1 

108 692 

0.2 

108.281 


HInCI,, 25 
0.3 | 225 

T1C1, 18° 


0.1 

130.15 

0.2 

129.82 


J^CaCl,, 18' 


0.1 

115.01 

0.2 

114.39 


y 2 SrCl,, 18° 
0.1 (118.5) 

0.2 (117.4) 


LiCl, 18° 

0.1 97.82 

0.2 97.53 


NaCl, 18° 
0.1 107.88 

0.2 107.60 


KC1, 18° 

0.01 129.37s 

0.02 129.31? 

0.05 129.126 

0.07 129.00a 

0.10 128.836 

0.20 128.483 

100 ° . 

0.2 I 402.6 


Br 

(CH,) 4 NBr, 25 


0.01 

124.26a 

0.05 

123.95a 

0.07 

123.80? 

0.1 

123.586 

0.2 

123.010 

^RaBr„ 18° 

0.1 

123.9 

0.2 

122.9 

KBr, 18° 

0.1 

130.86 

0.2 

130.57 


(C,H 7 )4NI, 25 


so 4 

H(NH 4 ) a S0 4 , 18 e 
0.1 130 

0.2 128 


MZnS0 4 , 18° 
0.1 109.6 

0.2 107.6 


MCdS0 4 , 18° 
0.1 109.69 

0.2 107.45 


MCuS0 4> 18° 
0.1 109.80 

0.2 107.80 


HMgS0 4 , 18° 


HCaSO 


C 

| 10VC 


18° 

0.1 

115.5 

0.2 

114.0 


25° 

0.1 

136.5 

0.2 

133.1 

HNa,S0 4 , 18° 

0.1 

109.7 

0.2 

108.8 


KK, S0 4 , 18° 
0.1 130.5 

0.2 129.8 


no 3 

NH 4 NO„ 18° 
0.1 (125.9) 

0.2 (125.8) 

^Pb(NO,)„ 18' 


C 

Wk/C 

0.01 

09.64s 

0.05 

99.492 

0.07 

99.37s 

0.1 

99 . 30? 

0.2 

98.99o 

KI, 

, 18° 

0.1 

129.50 

0.2 

129.24 


TlNOj, 18 


AgNO 


MCa(NO,) 1 , 18' 


^Sr(NO,)„ 18° 
0.1 111.58 
0.2 110.91 


0.1 

109.6 

0.2 

107.8 


KNO, 

18° 

0.1 125.2 

0.2 124.90 

100° 

0.2 I 380.2 


F 

NH 4 F, 18° 


Table 3.— -Values of C above 1000 
For literature references, v , Table 2 

K Mu Cl,.— (Cord'd) 


C 

Wtc/C 

2 000 

55.3 

3 000 

48.1 

4 000 

42.2 

o 

00 

e 

2 000 

62.8 

AgF, 18° 

2 000 

45.8 

3 000 

38.7 


KF, 18 


2 000 

66.2 

3 000 

58.9 

4 000 

52.7 

5 000 

46.9 

6 000 

(42.0) 

RbF, 18° 

2 000 

71.3 

3 000 

64 . 2 

4 000 

57.5 


y 2 ZnCU 

. — ( Cord'd ) 

C 1 

10VC 

2 

5° 

2 000 

44.0 

3 000 

32.7 

4 000 

25.6 

5 000 

20.7 

6 000 

17.1 

7 000 

14.5 

8 000 

12.2 

9 000 

10.16 

10 000 

8.40 

12 000 

5.72 

14 000 

3.85 

16 000 

2.4s 

18 000 

1.45 

20 000 

0.75o 

22 000 

0.452 


Q.l 

120.59 

0.2 

119.80 


0.1 

126.59 

0.2 

126.26 


Cl 

NH 4 C1 

0 ° 

2 000 63.0 

3 000 62.0 

4 000 (60 . 0) 

18° 

2 000 I 92.2 


0.1 

111.75 

0.2 

111.03 


5 000 | 80.7 
C^H^NHjHCl, 25 


3^Ba(NO,)„ 18° 
0.1 115.16 

0.2 114.49 

LINO 

0.1 

0.2 

18° 

94.17 

93.86 

NaNC 

0.1 

0.2 

18° 

104.30 

103.94 


HInCI,, 25° 
3 000 I 10.2 


KZnCl, 

18° 


2 000 

3 000 

4 000 

5 000 

6 000 

7 000 

8 000 
11 520 
15 370 


39.5 

29.6 

22.9 
18.4 
15.2 

12.9 
10. 6o 

5.36 

2.36 


^CdCl, 

18° 


2 000 

3 000 

4 000 

5 000 

6 500 

7 760 
9 180 

2 000 
3 000 


25 


14.1? 

10.02 

7.06 

4.8s 

3.33 

2.27 

1.45 

16.0e 
a. 42 


0.1 

114.85 

3 000 

88.3 

4 000 

8.26 

0.2 

114.40 

4 000 

85.1 

5 000 

5.74 


2 000 

44.8 

3 000 

33.0 

4 000 

23.0 

KSnCl 4 , 18° 

2 000 

66.9 

3 000 

47.9 

4 000 

32.7 

MThCli, 18° 

2 000 

44.3a 

3 000 

36.3 

4 000 

29.8i 


6 492 

7 745 
9 160 

2 220 
3 420 


100 


4.10 

2.85 

1.86 

5 

31.8 

21.i 


^CuCl, 

0 ° 


2 000 

3 000 

4 000 

2 000 

3 000 

4 000 


18' 


28.9 

22.4 
16.8 

43.4 
33.6 
26.0 


HMnCl, 

18° 


2 000 

3 000 

4 000 

5 000 

6 000 


45.3 

35.7 
28.17 

21.8 
16. 3o 


2 000 

3 000 

4 000 

5 000 

6 000 


| 10 \/C 
25° 

51.7 

41.3 

32.4 
•24.9 
20.0 


K FeCl„ 18 


2 000 

3 000 

4 000 

5 000 

6 000 


48. li 
38. 8i 
30.84 
24. 0<f 
18.1a 


HFeCl, 

0 ° 


2 000 

24.2 

3 000 

17.8 

4 000 

13.0 

1 

L8° 

2 000 

37.5 

3 000 

27.8 

4 000 

20.9 

5 000 

15.9o 

6 000 

12.4o 

8 000 

6.20 


MCoCl,, 18° 

2 000 

49.2 

3 000 

39.7 

4 000 

32.1 

7 659 ! 

! 11.7 

.KNiClj, 18° 

2 000 

50.6 

3 000 

41.0 

4 000 

33.3a 

HCrCl,, 

, Violet, 18° 

2 000 

44.8 

3 000 

35.2 


HA1C1, 

0 ° 


2 000 

27.3 

3 000 

21.5 

4 000 

16.4 

5 000 

12.5 

6 000 

8.5? 

1 

L8° 

2 000 

44.5 

3 000 

34.2 

4 000 

27.16 

HBeCl,, 18° 

2 000 

41.4 

3 000 

34. 4 

4 000 

29.0 

HMgCl, 

0‘ 

> 

2 000 

33.0 

3 000 

27.7 

8 034 

7.49 

Continued on p. 239 
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Table 3. 

V CL— {Cord'd) 

^MgClj. — {Cord'd) 

C | 10 VC 
25° 

60.4 
49.2 
39.6 
31.1 

16.79 
9.9s 


( Continued from p. 231) 

KBaClt • 


2 

3 

4 
o 
7 


000 

000 

000 

000 

984 


9 363 


HCaCl* 
also p. 240 


0 

O 

2 000 

37.89 

3 000 

32.94 

4 000 

28. 2i 

5 000 

23.48 

6 000 

. 19.14 

7 000 

15.30 

8 500 1 

(9.94) 

18° 

2 000 

58.02 

3 000 

49.7 

4 900 

42.4 

5 000 

35.6 

7 000 

23.5 

8 468 

16.13 

26° 

2 000 

66.65 

3 000 

56.6 

4 000 

48.35 

5 000 

40.7 

• 

6 000 

33.4o 

6 915 

27.6o 

8 418 

18.89 

50° 

4 910 

61.1 

6 879 

42.0 

100° 

2 000 

167 

3 000 

140 

4 000 

119 

5 000 

101 

6 000 

85.5 

7 000 

71.6 

7 911 

56.9 

9 070 

46.8 


MSrCl, 

0 ° 


2 000 

(41.0) 

18° 

2 000 

57.5 

3 000 

49.7 

40° 

1 369 

94.9 

100° 

2 000 

164 

3 000 

138 

4 000 

118 

5 000 

99 


C 

10 'k/C 

0° 

2 000 

40.6 

3 000 

35.3 

18° 

2 000 

60.5o 

3 000 

! 51.5 

25° 

2 000 

! 68 5 

3 000 

1 58.2 

100° 

1 400 

182.6 

2 000 

164.4 

3 000 

141.6 


LiCl 

0 ° 


2 000 

3 000 

4 000 

5 000 

6 000 

7 000 

8 000 
9. 000 

10 000 
11 000 
12 000 

2 000 
3 000 

5 000 
10 000 

2 000 

3 000 

4 000 

6 000 
6 000 

7 000 

8 000 

9 000 
10 000 
11 000 
12 000 
14 040 

2 000 
6 000 
7 000 

10 000 


18 


25 


50' 


33.67 
28.8i 
24.74 
21. li 
17.7? 
14.5s 
12.04 
9.6s 

7.42 

5.42 
3.0a 

53.0 

45.2 

33.3 

11.3 

> 

61.7 
52.9 

44.7 

37.8 
31.7 

26.0 

20.9 

16.4 
13.2 

10.4 
8.14 
5.11 

0 

95.6 

57.5 
39 . a 
21.0 


100 


2 

3 

4 

5 
5 

2 

3 

4 


000 

000 

000 

000 

500 

000 

000 

000 


NaCl 

Wk/C 

0 ° 

41.4 

36.5 

31.5 

26.6 
24.6 


18 


64.66 

56.4 

42.6 


25 


5 000 | 44.7 
100 ° 


2 000 

164 

3 000 

137.1 

4 000 

116.4 

5 000 

98.8 

6 000 

83.7 

7 000 

71.7 

8 000 

60.8 

9 000 

50.8 

10 000 

41.1 


2 000 

209.7 


184.1 


164.0 

KC1 

0° 

2 000 

63.5 

3 000 

62.2 

18° 

2 000 

92.3 

3 000 

88.1 

RbCl 

6° 

2 000 

77.1 

A 

3 000 

75 .4 

4 000 

73 . 9 

18° 

2 000 

97 

3 000 

93 

4 000 

88 

CsCl 

0° 

2 000 

67.0 

3 000 

65.9 

4 000 

63.5 

5 000 

o9.2 

6 000 

53.7 

7 000 

(47.2) 

18° 4 

2 000 

94.2 

3 000 

88.7 

4 000 

(85.7) 

50° 

2 000 

144.6 

3 000 

135.1 

4 000 

125.8 

5 000 

103.2 

6 000 

99.9 

7 000 

86.5 

8 000 

(72) 

100° 

5 000 

(164) 

6 000 

141.0 

7 000 

121 

8 000 

102 

8 500 

93.i 

9 000 

(84) 


Br 

NHiBr, 18° 


C 

10VC 

2 000 

97.6 

3 000 

93.7 

4 000 

90.0 

HInBr,, 18° 

2 000 

19.83 

3 000 

14.42 

4 000 

10.10 


HZnBr,, 25° 


2 000 . 

54.9 

3 000 

40.0 

4 000 

29.9 

5 000 

22.7 

6 000 

17.7 

7 000 

14.5 

8 000 

10.75 

10 300 

6.7i 

13 700 

2.95 

16 400 

1.36 

19 700 

0.487 

^CdBr, 

18° 

2 000 

12.8 

3 000 

9.35 

4 000 

6.0o 

5 000 

(6.1) 

25° 

2 000 

15. Oi 

3 000 

10.64 

4 000 

8.4o 

5 000 

(6. le) 

50° 

2 000 

21.7 

3 000 

16.6 

4 000 

12.8 

5 000 

10.18 

6 000 

7.9o 

7 000 

6.18 

8 000 

4.3s 

9 000 

2.90 

HMnBr,, 18° 

2 000 

53.54 

3 000 

43.6 

4 000 

35.64 

HFeBr,, 18° 


51.9 


41.94 


33.6s 

HS9I 

26.2s 

MCoBr,, 18° 

2 000 

54.7 

3 000 

45.5 

4 000 

37.5o 

^NiBr 2 , 18° 


54.5 


45.1 


37.4o 


J^CrBr,, Violet, 18° 


C 

10VC 

2 000 

51.3 

3 000 

41.3 

4 00G 

33.22 

K MgBr,, 18° 

2 000 

54.1 

3 000 

45.2 

4 000 • 

38.1 

KCaBr,, 18° 

2 000 

62.0 

3 000 

53.0 

4 000 

45 7 

HSrBr a , 18° 

2 000 

62.0 

3 000 

53.5 

i 000 

45.6 

KBaBr,, 18° 

2 000 

64.7 

3 000 

56.0 

4 000 

48.3 

LiBr, 18° 


57.7 



ilxl 

44.2 

NaBr, 18° 

2 000 

69.1 

3 000 

60.5 

4 000 

53.0 

KBr 

0° 

2 000 

67.7 

3 000 

66.3 

18° 

2 000 

96.5 

3 000 

91.9 

4 000 

86.9 

50° 

2 000 

157.1 

3 000 

145.6 

4 000 

132.2 

RbBr 

6° 

2 000 

(78.3) 

3 000 

(76 . 0) 

4 000 

74.0 

18° 

2 000 

0.9264* 

4 000 

0.8227* 

* Ac/Ajoo. 

CsBr, 18° 

2 000 

(95 . 5) 


89.8 


84.1 


I 

NHJ, 18° 

2 000 

99.9 

3 000 

95.5 

4 000 

91.3 


>iZnI„ 25° 


C 

10 \/C 

2 000 

62.4 

3 000 

44.8 

4 000 

30.4 

5 000 

20.7 

6 000 

14.8 

7 000 

10.6 

9 250 

4.90 

10 800 

2.90 

13 900 

0.916 

HCdl, 

18° 

2 000 

12.1a 

3 000 

9.8a 

4 000 

7.9s 

25° 

2 000 

14.0a 

3 000 

11,3a 

4 000 

9.1a 

100° 

1 914 

33.a 

- ■ ■ i 

K Mgl,, 18° 

2 000 

58.6 

3 000 

49.4 

4 000 

41.0 

HCal., 18° 

2 000 

66.1 

3 000 

57.3 

4 000 

49.1 

KSrI,, 18° 

2 000 

66.0 

3 000 

56.8 

4 000 

47.8 

^Bal„ 18 d 

2 000 

68.4 

Lii, 18° 

VWTjTjV 

60.6 


52.7 • 

H2i 

46.2 

Nal 

18° 




61.8 


53.9 

25° 


82.9 


73.4 


63.8 


53.8 


44.8 



KI 

0 

O 

2 000 

70.1 

3 000 

68.a 

4 000 

66.4 

5 000 

62.9 

18°' 

2 000 

99.6 

3 000 

92.8 

4 000 

89.4 

5 000 

80.6 
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I. — {Cord'd) 

RhI 


c I 

iovc 

6° 

2 000 

81.9 

3 000 

79.2 

4 000 

74.6 

18° 

2 000 

101.6 

3 000 

96.8 

4 000 

89.9 

30° 

2 000 

121.9 

3 000 

114.2 

4 000 

105.2 

so 4 

K(NH,),SO, 

18° 

2 000 

60.3 

3 000 

54.6 

4 000 

49.5 

5 000 

44.6 

6 000 

(39.5) 

25° 

2 000 

67.8 

3 000 

61.7 

MZnSO* 

18° 

2 000 

20.0 

3 000 

15. 6o 

4 000 

11.95 

5 000 

8.9o 

25° 

2 000 

23 .2o 

3 000 

18.2o 

4 000 

14.18 

5 000 

10.6s 

HCdS0 4 

18° 

2 000 

17.92 

3 000 

13.98 

4 000 

10.82 

5 000 

8.2s 

25° 

2 000 

20.5 

3 000 

16.1 

4 000 

12.8 

5 000 

10.0 

MCuSO, 

18° 

2 000 

19.9a 

2 500 

17.9o 

3 000 

(16.2) 

25° 

2 000 

23.2 

2 500 

20.9 


HMnSO* 

18° 

2 000 


3 000 

4 000 

5 000 

6 000 
7 000 


18.53 
14.17 
10.76 
8.05 
5.80 
(3 . 80) 


MMnSO A .— (Cord'd) 


C 

1 10 vc 

25° 

2 000 

21.7s 

3 000 

16.8o 

4 000 

12.8o 

5 000 

9 5s 

6 000 

7 . Oo 

7 000 

(4.85) 

MFeS0 4 

18° 

2 000 

19.5 

3 000 

15. 3o 

4 000 

11.9a 

2; 

5° 

2 000 

22.6 

3 000 

17.9 

4 000 

(13.9) 

MNiS0 4 

18° 

2 000 

19.25 

3 000 

15 07 

25° 

2 000 

22.72 

3 000 

17.83 

HMgSO, 

18° 

2 000 

21.4 

3 000 

16.1 

4 000 

12.0 

5 000 

, 8.8 

25° 

2 000 

25.2s 

3 000 

18.9s 

4 000 

14. 2o 

5 000 

10 4o 

HLi a SO <( 18° 




23.1s 




13.7o 

HNajSO,, 18° 

2 000 

39.6 

^Rb,SO, 

6 

0 


54.3 


49.4 

18° 

WVjym 

69 9 


63.2 

30° 


sr , . * 


77.0 


N0 3 

NH 4 N0 3 

0 ° 


2 

3 

4 

5 


000 
000 
000 
000 
6 000 

7 000 

8 000 
8 418 


55.3 

52.0 

48.3 
44.7 

(41.6) 
(39 . 2) 

(35.6) 

31.0 


NH 4 NO,.— (Corti’d) 


C 

iovc 

18° 

2 000 

80.5 

3 000 

74.2 

4 000 

68.4 

5 000 

02.3 

6 000 

56.5 

7 000 

50.7 

7 500 

1 48.3 

100° 

2 000 

210 

3 000 

183 

4 000 

162 

5 000 

142 

6 000 

124 

7 000 

112 

8 000 

99.1 

9 000 

86.3 

9 500 

79.9 

11 600 

58.o 

13 800 

38 s 

15 000 

29.o 

HPb(NO,) a 

18° 

2 000 

30.6s 

2 500 

27.05 

25° 

2 000 

36.5 

2 500 

31 .6 

TINOa, 100° 

2 000 

164 

3 000 

135 . 

4 000 

115 

5 000 

99 

6 000 

86.0 

MZn(NO,) 3 , 18° 

2 000 

47.9 

3 000 

38.85 

4 000 

31.0s 

MCd(NO,) a 

18° 

2 000 

40.8 

3 000 

31.4 

4 000 

24.2 

5 000 

18.4 

6 000 

13.7 

6 500 

11.5 

25 

O 

2 000 

46.0 

3 000 

35.4 

4 000 

27. 2i 

5 000 

20.5o 

6 000 

14.0a 

6 490 

13.3a 

KCu(NO,)» 




29.7 


23.4 


18.3 


13.98 


10.49 


7.7o 


(4.8) 


MCu(NO,)„ 
C Cont’d ) 


18 


2 000 

3 000 

4 000 
9 872 


10 \/C 

45.5 

36.3 

28.4 
4.69 


AgNO, 

0 ° 


2 000 

36.5 

3 000 

31.4 

4 000 

27.7 

5 000 

(24.6) 

18° 

2 000 

55.9 

3 000 

48.4 

4 000 

42.3 

25° 

1 500 

69.9 

2 000 

64.0 

3 000 

55.2 

4 000 

48.5 

5 000 

43.0 

8 460 

29.5 

100° 

2 000 

156 

3 000 

132 

4 000 

115 

5 000 

102 

6 000 

92 

7 300 

80.7 

9 580 

64.2 

12 100 

51.o 

15 100 

36.i 

KMn(NO,)„ 18° 

2 000 

47.5 

3 000 

37.9 

4 000 

30. 3o 

5 000 

23.54 

6 000 

17.66 

10 000 

4.66 


HFe(NO,) l , 18 


2 000 

3 000 

4 000 

48.5a 

37.50 

28.50 

HCo(NO,) 1 

0° 

2 000 

28.8 

3 000 

22.7 

4 000 

17.8 


KCo(NO,)„ 


(CorU’d) 

C 

10VC 

18° 

2 000 

46.8 

3 000 

37.6 

4 000 

29.9 

5 000 

23. 3o 

HNRNO,), 

0° 

2 000 

28.8 

3 000 

22.8 

4 000 

17.3 

18° 

2 000 

46.0 

3 000 

37.2 

4 000 

29.3 

5 000 

22.7 

6 000 

16.0 

HCr(NO,)„ 18° 

2 000 

43.2s 

3 000 

33.34 

4 000 

25.54 

5 000 

18.9? 

HLa(NO,)„ 18° 

2 000 

39.1 

3 000 

28.45 

4 000 

19.92 

HBe(NO,)„ 18° 

2 000 

45.8o 

3 000 

37.8 

4 000 

31. Oo 

5 000 

24.8s 

HMg(NO,), 

0° 


2 000 

31.6 

3 000 

26.8 

18 c 

► 

2 000 

47.9 

3 000 

39.2 

4 000 

32.1 

25° 


2 000 

54.7 

2 500 

49.7 


>*Ca(NO,) s , 


KCa(NOi), 

0? 


2 

3 


000 

000 


27.8 

21.8 


C 

| 10 u/c 

18° 

2 000 

42.7 

3 000 

33.5 

4 000 

26.5 

6 190 

14,15 

9 202 

5.10 

25° 

2 000 

50.5 

3 000 

38.8 

4 000 

30.0 

6 130 

16. 3i 

9 110 

6.29 


H Sr(NOi), 

18° 

2 000 

38.4 

3 000 

28.o 

4 000 

21.1 

5 000 

16.4 

25° 

2 000 

44.5 

3 000 

33. 7o 

4 000 

25. 6o 

4 470 

22.56 


NaNO, 

0 ° 

2 000 | (35.1) 

18° 

2 000 

3 000 

4 000 


54. 6o 
46.1o 
39.2a 


KNOj, 18 


2 000 

2 500 

3 000 


69.00 

65.00 
(61.3) 


RbNOt 

6® 


2 000 | 57.1 


18' 


2 000 

2 500 

3 000 


30 


2 000 

2 500 

3 000 


73.7 

68.9. 

(64.4) 

90.5 

84.5 
(79.2) 


Specific conductance of CaClt solutions ( e4 ) 


Wt. %, 
CaClj 


10°C 


15°C 


17.9°C 


20°C 


25°C 


30°C 


29.60 

37.30 

38.36 

40.73 

41.98 

45.95 


0.1377 
0.0975 
0.0906 
0.0742 
0 . 0678 
0 0426 


0.1554 
0.1114 
0.1039 
0 0858 
0 . 0797 
0 0520 


0.1656 
0 1197 
0.1120 
0 . 0930 
0.0865 
0 0573 


0 1730 
0 1260 
0.1180 
0.0985 
0.0918 
0.0612 


0.1910 
0.1412 
0 1324 
0 112Q 
0.1043 
0.0711 


0 . 2095 
0.1575 
0.1474 
0.1259 
0.1177 
0.0817 
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PART H. CONDUCTIVITY OF STRONG ELECTROLYTES* 
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dessus de 1000. 1000. 
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0,5. 
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a 1000 
Tabella 3. 
1000 . 


Indice 

-Valori di C fine a 
-Valori di C da 0,5 
-Valori di C sopra 


Table 1.— Values of C up to 0.6 

For Literature References, v. Table 2 
e.-— Standard arrangement; v. Vol. Ill 




HC1, 25 


c 

A - 

0.05 

424.84 

0.1 

424.64 

0.2 

424.24 

0.3 

423.84 

mo 

25° 

0.01 

388.96 

0.02 

388.90 

0.03 

388.85 

0.05 

388.74 

0.1 

388.47 

0.2 

387 . 93 

0.3 

387.40 

^h,so 4 

f, °c 

1 A 

C - 0.2 

18 

374.4 

25 

417.9 

50 

566.1 

76 

692.6 

100 

779 

128 

806 

156 

758 

HNO, 

C - 0.3 

18 

373.7 

hjpo 4 

C - 0.2 

18 

330.4 

25 

366.8 

•50 

492.4 

1 £ 

75 

599.6 

100 

687.7 

128 

761.2 

156 

803.7 

TlHlCJLOi) 

C - 0.2 


373 


C 

A 

0.1 

94.4 

0.2 

86.9 


HCa(HCO,)„ 25 


>*MgC,0 4| 18 


C 

0.1 

0.2 

0.3 

A 

(109.5) 

(106.0) 

104.2 

HC»(C,H,0,)„ 18° 
0.1 1 82.2 

>£Ca,Fe 

0.2 

0.3 

(CN)e, 0° 
67.5 
64.4 

KSr(C,E 
0.1 1 
0.2 

[.0,)„ 18° 
82.4 
82.0 

^Sr*Fe(CN) a , 0° 

0.2 | 66.8 

LilO 

0.1 

0.2 

18° 

66.57 

66.34 


LiC10 4 

0 ° 

0.2 | 54.3 

18° 

0.2 | 87.9 

100 ° • 

0.2 | 293.1 

NaCIO,, 18° 





- 


NaBrO,, 18 


0.1 

90.8 

0.2 

90.5 


NalOj, 18 


0.1 

76.58 

0.2 

76.33 


NaHCOi, 25 


0.1 

(97.4) 

0.2 

(96.0) 

0.3 

95.2 


NaC]H|0 3 , 18' 


0.1 

77 

0.2 

76.5 


A 


Na 4 CnH]Oie, 
Benzen epen tacar- 
boxylate 

C I 

0 ° 

| 245 
25° 

| 483 
50° 

I 774 


0.2 


0.2 


0.2 


Na&CnHOio, 

Benzenepentacar- 

boxylate 

0 ° 

0.2 | 325 

25° 

• 0.2 | 640 

50° 

0.2 | 1019 

NaCJIeBrOi, 

a-Bromobutyrate 

0 ° 

0.24 | 

15° 

0.24 | 

25° 

0.24 | 

35° 

0.24 I 


46.1 


70.6 


89.7- 


110.1 


KC10„ 18° 


0.1 

118 

45 

0.2 

118 

.17 

KCIO 

4, 100° 


0.2 

371. 

5 


KIO, 

18° 


0.1 

0.2 


97.50 
97.20 
25° 

0-2 [ 112,84 

^K 2 C 2 0 4 , 18° 


0.1 

0.2 


124.90 

124.64 


. 77 r •UA 1 WLCB, i or wqicd see p. m ana Boap solutiona. 

for whioh tee Vol. V, p. 458. 

t Critical compilation by Henry C. Parker. Graphical interpolation to 
round values of C by Alfons Klemeno. 


V$KHC,0 4 , 18° 

^KjC*H 4 0 4 , 

KC|HtN|0;, 

c 

A 

Phthalate, 25° 

Pic rate, 0° 

0.2 

274.0 

C 

A 

C 

A 

0.3 

247.8 

0.4 

(123.3) 

0.2 

54.9 





18° 


f 

KHCsH 4 0 4 , 

0.2 

88.7 

KCsHtOt, 18° 

Biphthalate, 25° 

KCNS, 18° 

0.1 

r ioo 

0.1 

152.7 

0.1 

119.94 

0.2 

99 

0.2 

141.8 

0.2 

119.74 

Table 2; see p. 242 to 253 


Table 3.— Values of C above 1000 
For Literature References, v. Table 2 
&-Table. — Standard arrangement; v. Vol. Ill, p. viii 


HC1 


C 

iovu 

18° 

2 000 

253.8 

3 000 

214.7 

4 000 

(182) 

5 000 

152.0 


64.3 . 

25° 


282.4 

35° 

2 000 

316.6 

HClOj, 18° 

2 000 

246.7 

3 000 

205.0 

HC10 4 

25° 

2 000 

291.5 

3 000 

226.0 

4 000 

185.7 

5 000 

150. o 

6 000 

118.4 

7 000 

91.0 

8 000 

68.4 

9 000 

52.0 

10 000 

41.4 

11 000 

31.7 

12 000 

23.1 

13 000 

16.4 

50° 

4 250 

232 

13 300 

22.8 

• 

HBr, 18° 


253.3 


213.1 


176.4 


145.9 


HI, 18° 

C 

10®*/C 

2 000 

254.4 

3 000 

(212.8) 

4 000 

178.4 

5 000 

146.7 

HIO 

„ 18° 

2 000 

106.0 

3 000 

(85.0) 

4 000 

70.4 


HH 2 S0 4 

C 

32 390 

33 340 

33 800 

34 260 

34 710 

35 580 


-( Cord'd ) 

10 vc 

3.188 

3.219 

3.232 

3.215 

3.155 

2.876 


HNO, 

18° 


1 012 

1 936 

34.1 

24.9 

HH 2 S0 4 , 18° 

2 000 

182.7 

3 000 

166.5 

4 000 

150.5 

5 000 

134.6 

6 000 

119.1 

7 000 

105.0 

8 000 1 

92.3 

9 000 

80.8 

10 000 

70.3 

11 000 

(60.6) 

16 248 

28.12 

23 047 

9.35 

27 180 

4.54 

29 840 

3.32 

30 900 

3.17 

31 410 

3.145 

31 900 

3.165 


2 000 

3 000 

4 000 

5 000 

6 000 

7 000 

8 000 
9 000 

10 000 

16 500 

17 000 

18 000 

19 000 

20 000 
21 000 
22 385 

22 870 

23 660 

23 800 

24 060 


259.1 
220. o 
184.4 

154.6 

129.1 

108.6 

91.9 
77.6 

64.9 
20.43 
17.63 
12.5s 

8.50 

5.50 
2.90 
1.009 
0.669o 
0.853s 
1.667 

1.72o 


25 


2 000 

3 000 

289.8 

242.2 

«H,PO ( , 0°* 

2 000 

24 

6 000 

14.3 

7 000 

13 

8 000 

11.7 

11 000 

11.3 

12 000 

11 

Continued on p. 264 
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INTERNATIONAL CRITICAL TABLES 


Table 3. — ( Continued from p. 


^h,po 4 .- 

—(Conl'd) 

HMg(C 2 H J Oi) 1 

c 

10V/C 

C 

10yC 

14 700 

9.3 

18° 

22 000 

6.3 

2 000 

14.8 

33 700 

2.3 

3 000 

8.8 

39 600 

1.2 

4 000 

4.85 

50 400 

0.44 

5 000 

2.6i 

57 700 

0.24 

6 000 

1.30 

HjPO,, 18° 

6 550 

0.770 

1 076 

52.53 

7 744 

0.218 

1 658 

51.18 

25° 

a 

3 613 

45.72 

2 000 

17.4 

5 930 

35.13 

3 000 

10.4 

7 716 

25.59 

5 000 

3.41 

10 820 

13.23 

6 550 

1.08 

15 086 

4.662 

7 744 

0.333 

NH 4 C,H,0„ 18° 



2 000 

42.7 

HMgCrO„18° 

3 000 

33.8 

2 000 

28.0o 

4 000 

26.5 

3 000 

21.5s 



4 000 

16 . 2o 

NH 4 CNS, 18° 

5 000 

11. 9o 

2 000 

84.6 



3 000 

79.1 



4 000 

73.9 

^Ca(C10,) 3 



6° 

HPb(C : H s O : ) J , 18° 

2 000 

32.1 

2 000 

3.8s 

3 000 

24.9 

3 000 

2 52 

4 000 

19 3 

HZn(C10,)„ 18° 

1 

1 V • V 

8° 

2 000 

44.0 

2 000 

49.9 

3 000 

35.4 

3 000 

41.0 

4 000 

28.7 

4 000 

(33.7) 

J^ZnfBrO,),, 18° 



2 000 

32.3 

| ’ aCa(C ? H|0 1 )j, 18° 

3 000 

24.2 

2 000 

15.0 

o 

OO 

• 

re 

o 

C 

•o 

U 

3 000 

9 . 4o 

r w ^ 

2 000 

43.6 



3 000 

34.6 

^Ca(CjH 4 COi)j 

4 000 

27.3 

18° 

HCu(C10.)„ 18° 

2 000 

13.0 

2 000 

43.5 

3 000 

6.7o 

3 000 

34.5 



XCo(Ct0 9 )» 18° 

KCa,Fe(CN) 4 , 0® 

i 

2 000 

43.7 

2 000 

15.7 

3 000 

35.1 



4 000 

27.9 

HSr(C10.)* 18® 

5 000 

21.0 

2 000 

46.9 

KNKClOi).. 18° 

3 000 ' 

37.6 

2 000 

43.0 



3 000 

34.0 

HSr(BrOa),, 18° 

4 000 

27.5 

1 500 

39.9 

HH,BO„ 18® 



1 409 

0.015 

HSr(CHOt)i, 18° 

1 777 

0.0175 

1 500 

35.3 

HMg(C10,) J , 18° 



2 000 

44.3 

HSr(CJH,0,) Jt 18° 

3 000 

35.6 

2 000 

19.13 

4 000 

28.4 

3 000 

11.85 

HMg(BrO,)„ 18° 



2 000 

34.0 

KSr : Fe(CN) # , 0® 

3 000 

25.6 

2 000 

15.3 


2 AD 

HBa(C10,), 


C 

10VC 

6® 

1 500 

37.9 

2 000 

(34.4) 

18° 

2 000 

44.7 

30° 

1 500 

62.4 

2 000 

(55.7) 

^Ba(C 2 H,0 2 )„ 18® 

2 000 

22.43 

3 000 

(14.8) 

4 000 

9.20 

KBafCACO,), 

18® 

2 000 

18.7 

LiOH 

18° 

2 000 

113.3 

3 000 

94.4 

4 000 

78.7 

5 000 

(65.3; 

30® 

1 955 

112.3 

4 535 ; 

71.2 

50® 

1 933 

184.7 

4 483 

127.6 

60® 

1 925 

206 6 

4 465 

145.6 

LiClOj, 18® 

2 000 

46.9 

LilO 

* 18® 

2 000 

21.3 

3 000 

14.4 

LiCHO,, 18® 

2 000 

27.5 

3 000 

(19.9) 

4 000 

14.0 

LiC 2 H,Oj, 18® 

2 000 

18.2 

3 000 

11.7 

4 000 

7 . 4o 

LiCNS, 18® 

2 000 

48.33 

3 000 

40.0 

HLiiCr0 4 , 18® 

2 000 

37.4 . 

3 000 

29.8 

4 000 

23.3 

HLijCrjO,, 18° 

2 000 

47.6 

NaOH 

0® 

2 000 

(84. o: 

3 000 

66.9 

4 000 

52.9 

5 000 

40.7 

6 000 

30 5 


NaOH.- 

-(Conl'd) 

C 

10 vc 

7 000 

22.6 

8 000 

16.3 

9 000 

11.9 

10 000 

8.6o 

11 000 

6.3o 

12 000 

4.5s 

13 000 

3.4o 

14 000 

2.6o 

15 000 

2.00 

16 000 

1.65 

17 000 

1.34 

18 000 

1.10 

19 000 

0. 90o 

18® 

2 000 

129.4 

3 000 

104.2 

4 000 

86.7 

5 000 

68.9 

6 000 

54.2 

7 000 

43.0 

8 000 

33.8s 

9 000 

26.3 

10 000 

20.5 

11 000 

16.3 

12 000 

12.9 

13 000 

10.4s 

14 000 

8.7o 

15 000 

7.3s 

16 000 

6.3r 

17 000 

5.6o 

18 000 

4.9s 

19 000 

4.40 

50® 

2 000 

(218.2) 

3 000 

184.9 

4 000 

158.2 

6 000 

133.9 

6 000 

112.9 

7 000 

94.8 

8 000 

80.4 

9 000 

67.9 

10 000 

57.5 

11 000 

49.2 

12 000 

42.4 

13 000 

36.8 

14 000 

32.6 

15 000 

29.3 

16 000 

26.7 

17 000 

24.3 

18 000 

22.2 

19 000 

20.5 

100® 

2 000 

(347) 

3 000 

304.4 

4 000 

276.0 

5 000 

247.0 

6 000 , 

220.2 

7 000 

196.6 

8 000 

175.7 

9 000 

156.9 

10 000 | 

140.6 

11 000 , 

126.6 

12 000 ; 

115.1 


NaOH. — (Coni’ d) 


C 

love 

13 000 

104.9 

14 000 

96.2 

15 000 

88.7 

16 000 

82.3 

17 000 

76.4 

18 000 

77.5 

19 000 

67.7 

NaCIO,, 18° 

2 000 

51.7 

3 000 

43.5 

4 000 

36.1 

NaCIO,, 18° 

2 000 

54.9? 

3 000 

46 

4 000 

38. 7o 

NaBrO,, 18® 

2 000 

44.0 

KNa,S 

0® 

2 000 

58.8 

3 000 

47.5 • 

4 000 

37.0 

18® 

2 000 

89.7 

3 000 

73.5 

4 000 

60.5 

25® 

2 000 

103.2 


3 

4 


000 

000 


86.0 

71.0 


KNaHS 

0 ° 

2 000 | 35.9 
18° 

2 000 | 50.6 
25° 

2 000 | 65.7 

NaN, (30, 104) 

0 ° 

500 


1 

2 

3 

4 

5 

1 

2 

3 

4 


000 

000 

000 

000 

500 

000 

000 

000 


25' 


35° 


1 500 


2 

3 

4 


000 

000 

000 


39.4 

36.2 

30.7 

25.3 
( 20 . 6 ) 

> 

69 s 

64.8 

56.3 

46.4 

83.7 
77. c 

65.7 
55.6 


HNaiCOi, 18' 


2 000 

34 5 

3 000 

27.0o 

NaHCOj, 18° 

2 000 

1 43 0 

3 000 

34 . 7 

4 000 

28.1 


NaCtH.Oi, 18° 

c 

toyc 

2 000 

30.0 

3 000 

22.0 

4 000 

(15.6) 

5 000 

10.5 

NaCiBiCOi, 18° 

2 000 

24.8 

3 000 

16.63 

4 000 

10.8® 

NaCNS, 18° 

2 000 

59.7 

3 too 

50.7 

4 000 

43.04 

HN a,SiO, 

18° 

2 000 

51.1 

3 880 

28.2 

5 880 

13.7 

25® 

2 000 

57.3 

HNa,Cr0 4 , 18® 

2 000 

46.6 

3 000 

37.8 

4 000 

30.6 

KOH, 18® 

2 000 

160.0 

3 000 

140.4 

4 000 

,122.0 

5 000 

105.6 

6 000 

(90.0) 

7 000 

77.1 

9 292 

51.4 

10 690 

39.3 

KHS0 4 , 18® 

2 000 1 

155.5 

MK|S, 18® 


2 000 

121.4 

3 000 

108 8 

4 000 

97.9 

5 000 

80.8 

6 000 

74.0 

7 000 

01.0 

9 320 

44.1 

12 500 

20.0 

KN, 

0® 

2 000 

56.8 

3 000 

53.3 

35® 

2 000 1 

108 


3 000 

4 000 


99 

92 


>,KH,P0 4f 18° 


2 000 
3 noo 


17.7 
Ifi. 3 


HKsKPOft 0 ° 
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^K,CO„ 18° 


c 

10V/C 

2 000 

62.3 

3 000 

55.2 

4 000 

48.7 

5 000 

42.7 

6 000 

37.5 

8 200 

26.5 

11 160 

13.14 

HK,C,0„ 18° 

1 293 

70.7 

HKHCO,, 18° 

1 032 

36.0 

2 132 

32.2 


KCjELO,, 18° 


C 

10 vc 

2 000 

51.3 

3 000 

41.4 

4 000 

32.7 

5 000 

24.8 

6 000 

18.3 

7 500 

11.22 

9 128 

5.24 


KCN, 

18° 

1 029 | 

99.7 

KCNS, 

, 18° 

2 000 | 

86.7 


MK*Fe(CN) e , 18° 


C 

10VC 

2 000 

75.3 

MK 4 Fe(CN) 6 , 18° 

2 000 

62.6 

MK,Cr0 4 , 18 ° 

2 000 

71.9 

3 000 

59.8 


RbOH, 18° 


2 000 

168.6 

3 000 

148.8 
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ELECTRICAL CONDUCTIVITY OF SATURATED SOLUTIONS OF SLIGHTLY SOLUBLE 

ELECTROLYTES 

H. I. .ScHLESINGER AND JUDITH E. WALLEN 


Scope . — Electrolytes with solubilities less than 0.1 equivalent 
per liter. 

Arrangement . — Table 1 gives both the conductance and the 
solubility computed therefrom. Table 2 gives the conductance 
only. In each part the arrangement is alphabetical with respect 
to the symbol of the cation, with organic cations at the end. 

Units . — Conductivities in reciprocal ohms ( see p. 230 for cell 
constant basis); Solubilities in equivalents per liter. 

Abbreviations and Symbols. — Kw = specific conductance of the 
water used. 

Ks = specific conductance of the solution, corrected for kw in 
the case of salts, uncorrected in all other cases. 

S - solubility of the electrolyte as computed from the relation 


S 


X 10 s 


a Ao 


• in which A 0 is the value assumed for the equivalent 


conductance of the completely ionized electrolyte, a is the value 
assumed for the “degree of ionization” (A/A 0 ) of the electrolyte 
in the saturated solution, and k 8 is the value of ks after correction 
(where poasible and necessary) for the effects of hydrolysis. No 
calculation of S has been attempted in cases where the use of the 
above relation involves assumptions of doubtful validity. S has 
been calculated at round values of the temperature, only where the 
data justified interpolation. 

Nature of Crystalline Phase . — Except as otherwise indicated, the 
crystalline phase was prepared by precipitation methods. 


TajbLe 1. — Electrolytes for Which Both Conductance and 

Solubility Are Given 


Crystalline phase 

t, °C 

EDI 

KS 

K S X 10* 

Ao 

a 

S X 10« 

Lit. 

AgCl 

1.55 

0.75 

0.297 




(•) 


4.68 

1.21 

.393 






5.00 


.404 

84.71 

1.0 

4.77 



9.66 

1.22 

.694 

97.02 

1.0 




10.00 


.611 

97.91 

1.0 

0.24 



10.9 

1.13 

.663 

100.29 

1.0 




15.00 


.879 

111.12 

1.0 

7.91 



17.33 

1.28 

1.06^ 

117.27 

1.0 




17.57 

1.21 

1.085 

117.90 

1.0 




18.00 

1.10 

1.119 

119.04 

1.0 

0.40 



18 

0.56 

1.259 

119.04 

1.0 


(>*) 


19.95 

1.31 

1.329 




(») 


20.00 


1.261 

124.32 

1.0 

10.01 

(•) 


25.00 


1.794 

137 53 

1.0 

13.04 



25.86 

1.21 

1.899 

139.80 

.999 




33.68 

2.03 

3.007 

160.45! 

999 




Table 1. — ( Continued ) 


Crystalline phase 


I, °C 


KWX 

10 * 


KS X 10* 


A* 


8 X 10 4 


Lit. 


AgCl.— (Coni' d).... 


AgBr. . . 

AgBrOi 
Agl 

Agio*.. 


Ag8CN 

BaSO.. 


Barite 


BaCtOiTHtO 


34.26 

50.00 
100.00 
100.00 

19.96 

21.1 
100.0 

19 94 

20 8 
9.43 

10 00 

15.001 
18.00 
18 37 

19.95 

20.001 

25.00 
26.60 

19.96 
100.0 

0.77 

5.00 

10.00 

15.001 
17.90 
18.00 
18 00 
20 00 

25.001 

25 00 

25.00 

26 75 
50 00 

100 00 
3.35 
5.00 

10.00 

15.00 
17.65 
18 00 
20 00 

25.00 

33.27 
2.46 
5.00 

10 00 | 

15.00 
17.38 

18.00 
20.00 
25 
33 


1.21 

£ 0.8 

50.8 

2.82 

1.23 

1.21 

2.30 

0.93 

1.14 

1.05 


.00 

.73 


1.16 

1.27 

1.32 


1.60 
1.019] 
2.43 
0.77 


1.26 

1.25 


0.68 

1.3 

1.43 

0.8 

.8 

1.10 


1.40 

1.40 


1 40 

2.5 


2.5 

2.5 


2.5 


3. 188 161. 
7.892 217 
57.840 395. 
56.640 395. 
0.057 120. 

.075 129. 
7.393 400.04 
663.24 105.9 
0.002 127.45 
6.850 
7.031 71.94 
9.828 81.72 
11 890 87.58 
12.160 
14.04 
13.55 91.49 

18.20 101 27 
20.00 

0.096 115.3 
13.89 
1.125 
1.330 85.85 
1.0^4 100.14 

2.072 114.43 
2.389 

2.398 123.0 
2.229 123.0 
2.539 128.72 

3.072 143.01 

2.997 143.01 
2.7 M3. 01 

3.345 
6.41 229 

13.99 434 
1.453 81.13 
1.576 85.84 


9810.999 


998 
993 
993 

1.0 
1.0 

999 
10.954 
1.00 

10.995 
995 
995 


994 

993| 


1.00 


0.995 
995 
.995 


994 


99-1 

993 


1 978 
2.440 
2.706 
2.747 
2.951 
3.517 
4.080 
32 00 
30.73 
47.53 
60.39 
68.35 
70.13 
74.82 
91.62 
127.9 


100.13 

114.43 

122.00 

123.00 
128.72 

143.01 
166.64 

80.4 
94.2 
107.8 

116.0 
121.5 

135.1 


99 

99 


995, 

994 

994 


994 

994 

9931 


, 022 | 

,917 

912 

909 

907 


36.4 
146 
144 
0.42 
0.54» 
18 
6 564 
0.013 
97.1 
98.3 
121.0 
137.0 


149.0 

181 

0.78 


15.6 

16.7 
18.3 

19.5 

19.8 

21.6 


28.4 
32.6 

18 5 
19.9 

21.5 

22.4 

23.1 

24.8 


495 

550 

614 

665 

679 

752 


<•) 

(»*) 

(*) 

(») 

(•) 

<*> 

(*) 

<•> 

(•> 


(') 

(•) 


(»> 

(•) 


('«/ 


( 4 ) 

(*) 

(*») 

(•> 


(•> 
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Table 1. — ( Continued ) 


Table 2. — Electrolytes 


Crystalline phase 
RaC>0<.2Hf0 




CaCiOi.KsO 


MfCiO* 
Pb80«. . 


TIBr 


TIBrO, 

TIO... 


TII 


TIIO«. . 
TISCN 
8rCjO« 


t, °C 

iTo" 

5.00 

5.47 
10.00 
11.28 

15.00 
17.9 

18.0 
20.00 

23.3 

25.00 

28.4 
2.07 
4.2 

10.15 

17.85 

18.00 
0.46 
5.00 

10.00 

15.00 

16.4 , 

18.00 
20.00 

25.00 
35 8 

18.0 
0.37 

3.48 
5.00 

10.00 

15.00 
16.98 

18.00 
20.00 

25.00 
a3.23 

0.13 

9.37 

10.00 
IS 00 
18.00 
20.00 
20.06 

25.00 

25.08 
19.94 

9.64 

10.00 

15.00 
17.70 

18.00 
19.96 
20.00 

25.00 
25.76 

9.90 

10.00 

15.00 

18.00 

18.08 
20.00 
20. 15 
26.00 
20.02 
19 95 
19.96 

1.35 

5.00 

10.00 

15.00 
15.90 

18.00 
20.00 
25.00 
31.70 
37.27 


*w X 
10 * 

1.70 I 


1.70 

1.70 

1.70 

1.70 

1.70 

1.70 
1.37 
1 37 
1 37 
1.37 
1.37 
1.09 


Ks X 10* Ao 


1.06 

1.86 


2.29 

2.40 

1.12 


2.07 

2.40 


4.06 

1.76 

1.76 


0.76 

1.76 
1.10 1 


0.9 1 

1 


1.24 


1.24 

1.24 


1.24 

1.06 

1.0 

2.2 


2.2 

2.2 


2.2 

2.2 


32.97 

37.50 
39.16 
50.58 
54.84 
67.61 
77.92 
78.32 
86.10 

101.0 

108.0 

126.3 
33.87 
38.48 
83.79 
94.01 
94.91 

4.296 
5 . 333 
6.761 
8.492 
8.991 
9.586 
10.270 
12.370 

17.97 

199.3 
10.467 
19.280 
20.40 
24.70 

29.50 
31.369 
32.60 
35.00 
40.30 
47.899 
69.13 

107.89 

111.3 
159.1 

192.0 
215.8 

220.7 

293.8 

305.0 
079 

940.0 

906.1 
283 
487.5 
513 : 
678 

687 ] 

160 1 

250.8 
11.908 
11.99 1 
17.68 1 
22.248 1 
22.308 
26.12 1 
26.154 1 
36.64 1 
39.391 

154.1 1 

399 1 

24.70 
29.38 
37.67 
47.53 1 
49.48 
53.95 1 

58.08 1 
70.79 l; 
89.14 

106.1 


8 X 10« Lit. 

mT 


80.59 0.922 505 
94.21 .915 587 


107.8 .905 693 


116.0 

121.6 


.902 

.899 


749 

788 


135.1 .891 902 


116.0 .890 919 


77.30 

90.66 

103.99 

112.0 

117.34 

130.08 

106 


.980 

.978 

.977 


70.3 
70.1s 

83.4 


.976 87.3 
.975 89.5 
.975 90.9 

.992 2 045 


89.9 

104.9 

120.0 

129.0 

135.0 

150. 1 


950 

.949 

918 

947 

946 

945 


236 

230 

244 

249 

255.5 

268 


109.8 

124.06 

132.01 

138.31 

138.48 

152.57 


.982 1 030 
.980 1 310 
.978 1 480 
.977 1 600 

.974 1 980 


117.6 .945 9 720 


108.04 

122.10 


.945 9 460 
.942 11 200 


130.54 .939 12 400 


130.17 

150.23 


.938 13 200 
.934 15 400 


109.03 
121.1 
131.55 

137.18 

137.6 

151.28 

103.23 

127 

77.3 
90.05 

103.99 

112.0 

117.34 

130.68 


.995 111.0 

.994 147.0 

.994 170.0 

• 993 191.4 

.993 

.092 244.0 

.978 1 530 
.944 11 700 


.930 

.924 

.922 

.920 

.919 

.914 


408 

438 

496 

523 

638 

692 


(') 

(•) 

(•) 

(*) 

(») 

<•) 


for Which the Conductance Only 
Is Given 


Crystalline phase 


AgOH 


Ag,PO«. 
AgCN. . 
AgiCrOi 


AgtCaO« 


AgOOCCH, 

AgON.C(CN)CO»CtH» 

AgON:C(CN)COtCH(CH*), 
AgCH.COC(CN)COtC*H». . 

Ag n-Propionate 

Ag <W-Tartrate 

Ag d-Tartrate 

Ag J-Tartrate 

Ag p-Toluat« 

BaFi 


BaCOi. 

BaCrOi 


CaF, 


CaFi( Fluorite) 


CaSC>4.2HiO(Gypeum) 


Large crystals 
Pine powder. . 


1 u°c 

1 19.90 
24.94 
19.40 
19.96 
0.20 
5 
10 

14.82 

15 

17.07 

18.00 

20.00 

25.00 

30.70 

37.30 

75 

9.72 

10.00 

16.00 

18.00 

18.50* 

20.00 

25.00 

26.90 

25.0 

25 

25 

25 

25.00 

25.00 

25.00 

25.00 

25.00 

9.50 

10.00 

15.00 

17.23 

18.00 

20.00 

25.00 

25.75 

18.00 

0.88 

5.00 

10.00 

15.00 

16.07 

17.42 

18.00 

20.00 

25.00 

28.08 

17.47 

18.00 

26.11 

0.05 

5.00 

10.00 

16.00 

16.08 

17.28 

18.00 

20.00 

25.00 

26.59 

40.00 

0.51 

5.00 

9.94 

10.00 

14.56 

15.00 

18.00 

18.22 

19.00 

19.00 

19.94 

20.00 

25.00 


«FT X 10* 

1.22 

1.15 

1.017 

0.87 

1.4 


1.4 

1.4 

1.4 


1.4 

1.4 

(?) 

1.00 


1.23 

1.47 


2.02 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 


1.5 

1.5 

1.5 

1.28 


1.80 

2.10 

2.14 


2.57 

3.1 

1.07 

1.07 

1.07 

1.07 

1.07 


1.1 


1.33 


1 *s X 10* 1 Lit 
29.24 1(1) 
35.944 
6.100 (») 
19.0 (1) 

0.064 (») 

8.872 
11.89 
15.594 
15.74 
17.762 
18.581 
20.70 
20.61 
34.965 
45.954 
100 

16.184 (•) 

16.48 
21.68 
25.475 
20.164 
28.31 
35.97 
39.391 

4 975 (•) 

234.6 ( 14 ) 

131.8 (i«) 

251.5 ( 14 ) 

1 924 (•) 

583.4 ( 14 ) 

989 ( 14 ) 

1 009 ( 14 ) 

251.7 ( 14 ) 

1 224.4 (•) 

1 230 
1 419 
1 500.8 
1 528.6 
1 607 
1 791 
1 823.8 

25.475 (•) 

1.103 (•) 


1.7 

25.475 

0.75 

1.103 


1.503 


2.056 


2.701 

1.40 

2.910 

1.39 

3.118 

1.82 

3.197 


3.508 


4.345 

1.85 

4.923 


39.370 
39 . 960 
60.550 
19.580 

23.44 
28.12 

33.81 
34.740 
30.290 

37.000 

39.45 

45.81 

48.000 
05.530 

1 090.9 
1 274.0 
1 480.5 , 

1 490.0 
1 707.3 
1 720.0 
1 878.1 
1 889.1 

1 978 

2 000 

1 964.0 

1 972.0 

2 207.8 


(•) 


(•) 


( r ) 

<») 

(•) 
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Table 


Crystalline phase 


Ca80«.2H*O (Gypeum) Fine pow- 
der. — (Coni’ d) 

Large crystal* 

Fine powder 

Large crystals 

Fine powder 

Wyoming 


2. — ( Continued ) 


I t, °C I *w x io* | k 8 x io» 


Lit. 


*w X 10« 


CaCO. 


Calotte 


CdCiO*.8H.O 


Ce(IOa)a.2HiO 

Cet(CtO«)a*10H«O. . . 
Cet(CiH«0«)a.4.6Hi0 

Cal 

Cu8CN . 

HgCl 


Hglt 

LatlOi) «.3HiO 

Lat(CfO«)a-10HiO . 
Lat(C*H«0«)a-3Ht0 

LitPOi.3.5HiO 

LiaPO«.0.5HiO 

Mg(OH)i 

MgFt... 


MgCOa 


Ma(OH)i 

Nda(CiO«)a.lOHfO 
PbtOHJa.., 

PbFa 


25. 00 

40.00 

40.00 
59.95 

59.95 
0 

10 

18 

25 

30 

35 

40 

45 

55 

65.3 

7.9 1.6 

9.38 1.6 

10.00 

15.00 

17.34 1.6 

18 00 

20.00 

25.00 

25.96 1.6 

2.03 1.9 

5.00 

10.00 

15.00 

17.44 19 

18.00 
20.00 

25.00 

30.00 

32.2 1.9 

34.8 1.9 

3.18 2.2 

5.00 

10.00 

15.00 

17.60 2.2 

18.00 
20.00 

25.00 

27.9 2.2 

30.00 

31.1 2.2 

11.13 1.3 

15.00 

18.00 1.3 

1806 1.3 

20.00 

25.00 

26.75 1.3 

25 1.0 

25 1.0 

25 1.0 

24.62 2.17 

18 1.2 

0.5 1.12 

18.0 1.7 

24.6 2.2 

43.0 2.1 
18 

25 1.4 

25 1.4 

25 1.4 

25 3.2 

25 3.0 

Conductance varied 
3 

18 

27 

8.31 

17.78 

25.94 

18 2.0 

25 1.0 

19.96 0.97 

8.90 1.6 

10.00 


2 213.0 

2 890 

3 150 
3 620 
3 761 

944 

1 485 
1 828 

2 004 
2 243 
2 678 

2 842 

3 042 
3 372 
3 600 

20.27 

21.71 

22.03 

26.17 
28.25 
28.84 

30.00 
35.97 

36.96 

15.27 
17.07 
20.42 
24.54 
26.64 

27.29 

29.17 
33.80 

38.30 

41.16 

44.06 
19.44 

20.7 

25.1 

30.0 

31.72 
33.35 
35.5 

41.0 

43.16 

45.4 

46.95 
19.890 

24.95 
26.970 
27.110 

30.97 
36.22 
38.290 

636.8 

0.651 

51.66 

2.128 

0.4 

.60 

1.34 

2.13 

6.1 

0.2(?) 

692.0 
953 

58.5 
274 
937 

with time 
139.90 
223.80 
270 70 
669.5 
791.2 

885.1 
9.490 
0.764 

25.470 

330.70 

340.4 


<*•> 

(«>) 

( ,J ) 

(•) 

(10) 

(*) 


(•) 

(**) 

(»*> 

<»*) 

O') 

(*•1 


SrF. 


Sr SO*. 


Celeatite. 


0.26 

5.00 

10.00 

15.00 

17.38 

18.00 
20.00 
25.00 

27.39 
2.85 


10.00 

10.18 

15.00 
17.38 

18.00 
20.00 
25.00 
32.26 

3.27 


10.00 

15.00 
17.69 
18 00 

20.00 

25.00 
32.50 

TltS 19.96 

TlaCaO* 19.96 

Yi(CiO«)*.9H*0 25 

Yb«(CtO«)a.lOHfO 25 

ZnC*0*.2H.O 9.76 

10.00 
15 00 
17.92 
18.00 


1.6 


1.6 


1.13 


Table 2. — ( Continued ) 


Crystalline phase | t, °C 


PbF t. — ( Continued ) I 15 . 00 

17.63 
18.00 
20.00 

25.00 
26.61 

PbCli.... 19.95 

PbBra 19.96 

Pb(BrOi)i 19.94 

Pbla 20.10 

Pb(IOaJt 9.17 

10.00 

15.00 

17.1 
18.00 

19.95 
20.00 

25.00 
25.77 

Pb(SCN) j 19.96 

Pb«(PO«)i 19.95 

PbCOi 19.96 

PbC«0« 15.77 | l.u 

18.00 

19.96 
22 00 

Pri(C»O«)».10HtO 25 

Sai(CiO«)i 25 


1.42 

1.25 


1.77 


1.207 

1.0 

1.0 

1.2 

1.2 

1.2 

1.0 

1.0 

2.2 


2.2 

2.2 


2.2 

2.51 


2 51 


2.51 


2.51 

2.20 


2.19 

2.19 


2.19 

0.8 

1.0 
1.0 
.98 




1.56 

1.5 


1 392.6 
426.20 
430.50 
453.9 
514.0 
534.50 
53 540 
3 692.0 
4 630.4 
338.40 
3.580 
3.750 
5.012 
5.670 
5.960 
6.500 
6.683 
8.750 
9.130 
5 346 
0.14 
1.390 
1.174 
1.299 
1.519 
1.54 
1.164 
0.82 
101.210 
117.5 
138.5 
157.8 
169.040 
171.83 
180.3 
204.6 
216.790 
84.65 
90.78 
104.50 
104.80 
118.30 
125.09 
126.9 
132.6 
147.40 
170.78 
85 89 
90.78 
104.5 
118.30 
125.98 
126.87 
132.600 
147.400 
172.37 
216 
6 341 

1.740 1 

4.849 1 

5.803 I 
5.821 
7.1U 
7.963 
7.992 
8 660 
10.210 ( 
10.578 
1 000 ( 


Lit. 


<•> 


<») 

<*» 

(') 

(*) 

(•) 


<0 

(•) 

(>*) 

(»») 

(•) 


(') 

(') 

(»»> 

('*> 

(•) 


(") 



25.00 

26.15 

Antipyrine salicylate. 18 0 


LITERATURE 

(For a key to the periodical* see end of volume) 

(») B6tt*er, 7. 46 : 521; 03. (*) Bfittger. 7. Hi ! 83; < 56. <*> 1 % u \ 

144 : 145; 25. («) Hnlctt. 7. IT: 385; 01. (•) HrfjtMmd JUI n, 1 
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Romann. Thetu, Nancy. 1913. (••) Rt-enheum and Heglm. 

22. (*•) Sackur and FritimaiiD, 842; 09# 
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ELECTRICAL CONDUCTIVITY AND IONIZATION CONSTANTS OF WEAK 

IN AQUEOUS SOLUTION* 

James Kendall 


Abbreviations and Symbols 

Coho, range. The range of 
concentrations (c) cohered by 
the experimental data. 

A* (resp. Ao) The equivalent 
conductance of the electrolyte 
at the concentration c (reap, 
zero). The Ao values were 
obtained by adding to the A 0 
value for H + (reap. OH”) a A 0 
value for the anion (resp. 
cation) of the electrolyte esti- 
mated usually from the num- 
ber of carbon atoms by the 
Ostwald method. 


k « 


A* 


Ao(Ao — A«) 

In computing h } the water 
correction has been applied 
only in the case of acids 
weaker than acetic, v. (*H). 
Where no constant value is 
obtained for k, a value for A* 
is given in its stead. 

Brackets surrounding a 
value of k indicate that it 
varies oonsider&bly within 
the concentration range 
given. Brackets surrounding 
a A value indicate “approxi- 
mate.” 


Abr^viations et symbols 8 

Cone, range. L’intervalle des 
concentrations (c) couvert 
par les donnEes expErimen- 
tales. 

A* (resp. Ao) La conductibilitE 
Equivalents de l’Electrolyte A 
la concentration c (resp. zEro). 
Les valeurs de A 0 ont EtE 
obtenues en ajoutant A la 
valeur A 0 de H + (resp. OH”) 
la valeur A 0 de 1 ’anion (resp. 
du cation) de l’Electrolyte, 
cette valeur Etant gEnErale- 
ment calculEe par la mEthode 
d’ Ostwald A partir du nom- 
bre d’atomes de carbone. 


( 1 ) *« 


A* 


( 1 ) 


Ao(Ao — fa) 

Pour le calcul de k, la correc- 
tion pour l’eau n’a EtE faite 
que dans le cas d’acides plus 
faibles que 1’acEtique, v. ( 3l1 ). 
Loreque la valeur v obtenue 
pour k n'est pas cons tan te, il 
a EtE donnE A sa place unc 
valeur de fa. 

[ ] Des crochets entourant une 
valeur de k indiquent que 
celle-ci varie considErable- 
ment dans Tintervalle de con- 
centration donnE. Des cro- 
chets entourant une valeur de 
A indiquent “ appro ximatif.” 


AbkOrzunqen und Symbole 

Cone, range. Experimentell 
bestimmter Konzent rations 
(c) Bereich. 

fa (bezw. Ao) Die Aquivalente 
Leitf&higkeit bei der Kon- 
zentration c des Elektrolyten 
(bezw. bei der Konzentration 
Null). Die Werte von A 0 
sind erhalten durch Addition 
von A 0 ftir H + (bezw. OH”) 
zu dem Wert A 0 flir das 
Anion (bezw. Kation) des 
Elektrolyten, welcher Wert 
gewohnlich entsprechend der 
Zahl der Kohlenstoffatome 
nach der Methode von Ost- 
wald geschatzt ist. 

fc=a __ A ’ m 

K A 0 (Ao - fa) (1) 

Bei der Berechnung von k ist 
die Wasserkorrektur nur bei 
S&uren die schwacher als 
Essigs&ure sind, angebracht 
worden, v. (***). In dem 
Falle, wo keine Konstante 
erhalten wird, steht an dieser 
Stelle der Wert von A«. 

[ ] Ein in Klammem gesetzter 
Wert von k zeigt an, dnaa 
dieser innerhalb des betrach- 
teten Konzentrationsbe- 
reiches sich deutlich Andert. 
Ein in Klammem gesetzter 
A-Wert bedeutet: “ungef&hr” 
dieser Wert. 


ABBREVIAZIONI E 8IMBOLI 

Cone, range. II campo di con- 
centrazione (c) abbracciato 
dai dati sperimentali. 

fa (risp. Ao) La conducibilitA 
equivalents deirelettcolita 
alia concentrazione c (risp. 
zero). I valori di A 0 furono 
ottenuti aggiungendo al va- 
lore di Ao per H + (risp. OH”) 
un valore A 0 per l’anione 
(risp. catione) dell’elettrolita 
calcolato generalmente dal 
numero degli atomi di carbo- 
nio col metodo di Ostwald. 


A l 


Ao(Ao — A«) ^ 

Nel calcolare k, la correzione 
per l’acqua E stata applicata 
solo nel caso degli acidi piu 
deboli dell’acido acetico, v . 
( 311 )- Se per k non sitrova 
un valore costante viene d!ato 
invece un valore per A*. 

[ 1 Quando un valore di k . E 
compreso fra parentesi signi- 
fica che esso varia considere- 
volmente nelTintervallo di 
concentrazioni indicate. Se 
un valore di A E compreso fra 
parentesi significa che esso 6 
approssimato. 


Temp., °C 

H + 

0 

* 229.0 


10 

275.6 


15 



18 

315.2 



Ao values for H + and OH” 

OH” 1| Temp 

118 
149 
164.5 
174 


H+ 



* For more detailed data previous to 1010, 
in Nostrand, 1014. 


5 

350.0 

196 

5 

399.6 

228 

) 

421.4 

244 

) 

464.3 



Scudder , ‘The Electrical Conduct! rity and 


Constanta of Orcanie Compounds," New York. 
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Electrolyte 

HjO 

H,0, 

HF 

HiS 

HjSOa 

HjSe 

HjTe 

H*TeO* 

NjH 4 , Hydrazine 

HN, 


INORGANIC COMPOUNDS 

Cone, range, 


HNO 

HNOj 

HjNO, Hydroxylaraine 

NH 4 OH 


HjNOtS, Aminoaulfonic acid 

HjNiOj, Nitroamine 

HaNiOiSs, Triflulfimide 

HjPOi 

H1PO1 

^ . 

H1PO1 

h,po 4 , 

HiPtOr - • 

HiAbOi 

QtAaOi . 

AgOH 

0e0 4 

H,BO, 


t, °C 

v. p. 152 
25 
0 
25 

18-40 
18 

25 
25 
18 
25 
25 
0 

5 
10 
15 
20 
25 
0 
0 
25 
18 
0 
10 
15 
18 
25 
40 
50 
75 
100 
156 
218 
306 
0-50 


25 

0 

25 

25 

25 

18-52 

25 

18 

15-156 


18 

25 

25 

25 

25 

18 


c =* formula 
weight per liter 

9.7-6. 1 
1 . 0 - 0.001 
1 . 0 - 0.001 

16.0-0.002 
0.04-0.004 

0.05-0.001 
0.1-0.008 
0.09-0.003 
0 . 00 - 0.001 
Q. 12-0.004 
0:05-0 004 

0.05-0.012 
0.05-0.012 
0.05-0.012 
0.05-0,012 
0 . 1 - 0.001 
0.16-0.007 
0.03-0.001 
0.002-0.0006 
0.05-0.002 
0.1-0.04 
0.06 
0.1-0.04 
0.1-0 001 
0.1-0.04 
0.1-0.046 
0.1-0.06 
0.1 

0 . 1 - 0.01 
0.1-0 01 
0 . 1 - 0.01 
0 . 1 - 0.01 


0.03-0.001 

0.5-0.016 

0.015-0.0005 

0.06-0.0009 

0.50-0.03 

0.5-0 0002 

0.5-0.0002 

0 . 1 - 0.002 

0.5-0.0002 


0.05-0.00125 

0.06-0.001 

0 . 12 - 0.001 

0.0006-0.00007 

0.04 

0.09-0 02 
1.8-0.38 


Ao 


395 

251 

404 


378 

421 

420 

378 

(?) 

257 

266 

293 

322 

352 

382 

412 

(?) 

256 

412 

(?) 

157 

202 

225 

238 

271 

342 

404 

525 

646 

907 

1140 

1404 



399 

(?) 

(?) 

(?) 

392.5 

(?) 

340 


336 

388 

386 

255 

(?) 

348 


I* (or A«) 


<5 X 10‘“ 
9 X 10- 4 
6.9 X 10- 4 


5.7 X 10-« 

9.1 X 10“« 

1.7 X 10-* 
1.90 X 10- 4 

2.27 X 10"» 
Ao.oj =* 0.98 

2.2 X 10"* 

7 X 10~« 

1 X io-* 

8 X 10‘* 

9 X 10-« 

1 . 1 X 10-‘ 

1.2 X 10-‘ 

1 9 \ 10“* 
A 0.04 ” 2.4 
6.0 X 10“« 
4.6 X 10-« 
Ao.o* **0.4 
1.39 X 10“* 

1.63 X 10-* 
1.70 X 10"* 
1.72 X 10- 4 
1.81 X 10“* 
1.98 x'lO"* 
1.81 X 10-* 

1 .64 X 10-» 
1.35 X 10-* 

6.28 X 10-* 
1.80 X 10-* 

9.3 X 10-* 


Ao.o* 

Ao.ot 

Ao.oi* 

Ao.o* 

Ao.o* 


= 315 
=» 0.75 

- 705 
= 200 

- 244 


Ao.o* • 243 
Ao.oi * 203 


Ao.ot* “ 384 
2.1 X 10-« 
4.5 X 10-* 

9 X 10“* 

Ao.04 ** 0. 15 
<1.7 X 10-* 


Lit. 


(301) 

(1S3) 

(S, 183, 280, 433, 484, 
480) 

(«• *••);</. < 311 ) 

(88t) 

(*•) 

(38, 288, 318, 432) 

(108, 271) 

(108, 271) 

(218, 288, 483) 

(104) 

(420) 

( 220 ) 

(428) 

(420) 

(428) 

(428) 

(226, 806) 

(467); ^.(243) 

(408) 

(813) 

(373); (488, 632) 

(306) 

■(»•*) 

(363) 

(306, 362, 431) 

(118, 306, 363, 431) 
(363) 

(363, 431) 

(421) 

( 411 ) 

(421) , 

(421) 

(421) 

(46, 104, 206, 261, 

321, 328, 433); cf. 

(308) 

(487, 632) 

(40, 242) 

(238) 

(461) 

(466) 

(11, 432) 

(432) 

(421) 

(11, 188, 326, 421, 

432 )-cf. 

468) 

(6*7 );cf. (•** ,§l ) 

(366, 676, 686) 

(338) 

(274) 

( 688 ) 

(63) 
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ORGANIC COMPOUNDS 
(L -Table. — The <£ -Arrangement; v. Vol. Ill, p 


viu 


Formula 


CHBrNjO« 
CHN 


CHNO 

CHNS 

CHNjO# 

CH,N,0 4 

ch,n 4 


CHjO 

CHjOt 


CHjO, 


CH.NO 

CH.NO, 

CH.NO, 

CH.N.O, 

CH.N. 


CH 4 N,0 

ch 4 n,o, 


ch 4 n,s 

ch 4 o 4 s 

CH 4 OiS 

CH.AsO. 

CH.N 

CH.N, 

CH.N.O 

CjHBrClFO* 

C.HBr.CIO, 

C.HBr.FO, 

C.HBr.O, 

C»HClFtO> 

C.HCliFO* 

C.HCl.O, 


CiHiCljO, 


Electrolyte 


Name 


Dinitrobromomethane 
Hydrocyanic acid .... 


Cyanic acid 

Thiocyanic acid. 
Trinitromethane 

Dinitromethane. 


Tetrazole 


Formaldehyde 
Formic acid . . 


Carbonic acid 


Formamide 

Formhydroxamic acid 

Nitromethane 

Nitrourea 


6-Amino-l, 2, 3, 4rtetrazole 


Urea 

Methylnitroamine 


Thiourea 

Formaldehyde sulfurous acid 

Monomethyl sulfate 

Methylareonic acid 


Die hloro acetic acid 


Methylamine 

Guanidine 

Diazoguanidine 

Chlorobromofluoroacetic acid. 

Chlorodibromoacetic acid 

Dibromofluoroacetic acid 

Tribromoacetic acid 

Chlorodifluoroacetic acid 

Dichlorofluoroacetic acid 

Trichloroacetic acid 


25 

18 

25 

10-54.3 

0 

18 

25 

0-40 

19 
25 
25 

0 

10-40 

0 

10 

20 
25 
30 
40 
25 

0 
25 
40 
25 
25 
25 
0 
25 
25 
25 
25 
25 
25 
25 
25.2 
25 
24.7 
0 

12.5 
18 
25 


0 

12.5 

18 


0.03-0.0016 
0.25-0.001 
0 . 12 - 0.001 
1 . 0 - 0.0001 

0 . 04-0 . 006 
0.03-0.01 
0.03-0.007 
0.4-0.003 

0.4-0.06 
0.06-0 016 
0.24-0.10 
0.03-0.002 
0 . 03-0 . 002 
0 . 05-0 . 003 
0.05-0.003 
0.05-0.003 
0.06-0.005 
0.05-0.003 
0.05-0.003 
2.0-0.004 
0.016-0.002 
0.03-0.002 
0.016-0.002 
0.03-0.004 
0.03-0.0016 
0.03-0.001 
0.06-0.001 
0.06-0.001 
0 . 12-0 002 
0.06-0.004 
0.03 

0.03-0.001 

0.03-0.001 

0.03-0.001 

0.03-0.004 

0.03-0.004 

0.03-0.001 

3.0- 0.002 
10-0.016 
0.13-0.004 

1 . 0 - 0.001 


t, °c 

Cone, range, 
formula weight 
per liter 

Ao 

k ( or A<-) 

Lit 

0 

0.016-0.004 

251 

1.7 X 10“« 

(254, 259, 

18 

0.5-0.06 

379 

1.32 X 10-» 

(589) 

25 

0.25-0.0,13 

(?) 

[ Ao .03 0.5] 

(246, 432, 622) 

0 

0 . 01 - 0.002 

259 

1.5 X 10 ~ 4 

(417) 

25 

0.5-0. 0002 

(?) 

Ao.oa = 358 

(372, 432) 

0 

0.016-0.002 

251 

Ao.oi# = 234 

(247); c/ . (256) 

25 

0.03-0.002 

395 

Ao.oie = 360 

( 2 4 7 ) J C/. (256) 

0 

0.016-0.002 

251 

1.5 X 10“ 4 

(225) 

25 

0.016-0.002 

392 

2.6 X 10- 4 

(225) 

25 

0.03-0.008 

400 

1.28 X10" 5 I 

(427) 

0-35 

0.03-0.001 



(42, 427, 428, 


0-60 1 .0-0.0005 


0.03-0.002 

5.0- 0.0008 

1 . 0 - 0.001 


(?) 

362 

404 


254 
355 7 
396.6 


Ao.os =2.4 

2.0 X 10"< 

2.1 X 10“< 


2.43 X 10-7 
3.09 X 10-7 

3.44 X IQ" 7 


(?) 

393 

393 
251 

251 

3Q5 

364 

394 
424 
481 

(?) 

246 

383 

466 

(?) 

(?) 

(?) 

245 

382 

258 

249 

(?) 

385 

385 

387 

385 

387 

385 

248 

314 

316 

387 


Ao.os =0.06 
1 X 10-7 
1.0 X 10-*‘ 
3.9 X 10~ & 


249 

315 

347 


3.4 X 

4.5 X 

6.2 X 

6.8 X 

8.0 X 

9.9 X 

[Ao.03 = 

2.6 X 

7.0 X 

VO x 

Ao.03 = 

V„or. 

Au.i-.i = 

4.3 X 

4.1 X 
i 4.0 v 

Ao.o« = 

• 

Au.oj = 
Ao.03 — 
Ao.03 = 
Ao .03 = 

Ao.03 = 
Ac. 03 = 
Ao.03 = 

Ao.03 = 

Ao.03 = 
Ao.03 = 

Ao.oa = 


10-7 
10-7 
10-7 
10-7 
10-7 
10-7 
■ 0.07J 
10“ J 
10" 6 
10 -* 
0.07 
360 
36s 

1 , 1-7 

10-7 

10~ 4 

190 

21.1 

335 

340 

360.5 

343 

380 

355 

220 

291 

320 

346 


Ao.os = 186 
Ao.ou = 259 
Ao 02 = 275 


551) 

(SIS) 

( ,7 ) 

(436) 

(12, 45, 273, 
293, 437) 
(310) 

(310) 

| (310) 

(325, 452, 589, 
613) 

(574) 

(426) 

(232) 

! ( 43 ) 

(43) 

(43) 

(43) 

( 43 ) 

(42, 43) 

(43) 

(43) 

(85, 557) 

| ( 226 ) 

; (226, 256) 

(226) 

(557) 

(315) 

(434) 

<”628) 

(628) 

(104, 110) 

(433) 

(253) 

(548) 

(548) 

(542) 

(542) 

(549) 

(547) 

(163, 625) 

( 221 ) 

(162) 

(109, 145, 313, 
436, 625) 

(299, 474, 607, 
610) 

(625) 

( 221 ) 

(162, 510) 
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Electrolyte 


Formula 


CiHiCliOi 


CiHiFsOs 

CiHjNi 

CiHf0 4 


CiHiBrO 


CjHiCIOi 


C»HiCl>Oi 

CiHiFOi 

CtHalOt 

CjHiN 

CiH«NOi 

CiH»NO« 

C,H,N,0, 

CfH,N»0 

C»H«BrNO 

C*H 4 ClNO 

C.H.F.N.b. 

C 1 H 4 F tO 

c,h 4 n,o, 

CtR&tOt 

C,H 4 N^4 

CiH«N^O« 

C,H 4 0 

C,H 4 08 

CiH«0« 


CfH«OiS 

CjR 4 Oi 

C,H*0 4 

CsHtFtN 

C*H*NO 

CiHtNOt 


Name 



Dichloroacetic acid . — {Cani d ). ... 25 

0-65 

Difluoroacetic acid 25 

Bistetrazole 0 

12-31 

Oxalic acid 25 

0-65 


d -Table. — The <£ -Arrangement — {Continued) 


0 - Range 


1.0-0.001 

0.5-0.0005 

0.03-0.001 

0.00-0.008 

0.03-0.008 

0.03-0.0005 

1 . 0 - 0.00001 


Bromoacetic acid I 18 

25 
0 

Chloroacetic acid 14.1 

25 


Chloral hydrate — 
Fluoroacetic acid . . 

Iodoacetic acid 

Acetonitrilfe 

Oxamic acid 

Oximinoacetic acid 
Triazo acetic acid . . 
Tetrazole amide . . . 




N-Bromoacetamide 


N-Chloroacetamide 

Difluoroethylnitroamine 
Difluoroethyl alcohol. . . 

Hydraziacetic acid 

EthylnitrOlic acid 

Dinitroethane 


Oxaldihydroxamic acid 

Acetaldehyde 

Thioacetic acid 

Acetic acid 


0-52 

0.65 

25 

25 

0 

25 

25 

25 

20 

0-35 

0 

25 

25 

25 

25 

25 

0 

0 

25 

25 

25 

25 

18 

25 

100 

156 

218 

306 

0-62 


Thioglycolic acid 25 

Glycolic acid ' 25 

17-25 

Glyoxylic acid 25 

Difluoroethylamine 25 

Acetamide •••' 15 

25 

Acethydroxamic acid 25 


0.3-0.001. 

0.03-0.001 

0.03-0.002 

0.05-0.0005 

0.06-0.001 

1 . 0 - 0.002 

0.01 

0 03-0.001 
0.03-0.001 
0.03 

0.03-0.001 
0 . 12 - 0.001 
0.07-0.003 
0.03-0.008 
0.03-0.008 
0.03 
0 06 
0.03 

0.03-0.001 
0.5 
0 03 
0.03 

0.016-0.004 

0.03-0.008 

0.03-0.008 

0.08-0.001 

0.06-0.001 

0.08-0.001 

0.06-0.0005 

0.08-0.01 

0.08-0.01 

0.08-0.01 

0.08-0.01 

5.0-0.0005 


0.01-0.0004 

0.25-0.001 

0 . 12 - 0.001 

0.06-0. Odl 

0 03-0.008 

0.5-0.016 

0.03 

0.07-0.02 



k { or A«) 


388.5 I Ao.m - 273 


389 

(?) 

392 


350 

389 

332 

389 


(?) 

390 

389 

(?) 

388 

390 
390 
369 

(?) 

(?) 

(?) 

386 

(?) 

(?) 

248 

249 
392 

389 

(?) 

392 

350.2 

390.8 

772 

979 

1163 

1266 


-387 

390 

388 

245 

(?) 

(?) 

390 


A 0.01 " 302.5 
A 0.01 = 126.4 

Aq.oi = 285 


1.43 X 10-» 
1.35 X 10"* 

1.58 X 10-* 
1.52 X 10-» 


A 0.01 * 0.6 

2.1 X 10- # 

7.1 X 10- 4 
A#.oi "0.19 

7.7 X 10-* 

9.7 X 10" 4 
9.4 X 10“ 4 

3.3 X lO" 1 

[A 0.01 =0.21 
(Ao.m = 0.15) 
(A 0.01 =0.51 
1.34 X 10-* 
Ao.»= 0.02 
Ao.m = 78 
5 X 10' # (?) 

2.2 X 10-* 

5.6 X 10- 4 

1.7 X 10- 7 

Ao o* " 4.7 
4.60 X 10- 4 
1.806 X 10-* 
1.813 X 10-* 

1.1 X io-‘ 

5.3 X 10- 4 
1.7 X 10-* 

1.4 X 10- 7 


2.85 X 10- 4 
1.49 X 10- 4 

4.6 X 10- 4 
3.3 X 10“^ 
Ao.m ■ 0.63 
A,. M - O'; 05 

2.7 X lO^ 



(100, 313, 434, 
•28) 

(172, 327, 384, 
480, 828) 
(844.) 

.(427) 

(121, 404, 424) 
(45, 41, 122, 
124, 140, 144, 
200, 224, 242, 
254, 144) 
(152) 

(425) 

(224) 

(272) 

(104, 144, 244, 
424) 

(11, 114, 152, 
224) 

(147) 

(541) 

(474) 

(204) 

(424) 

(244, 241) 

(442) 

(427) 

(427) 

(227) 

(227) 

(227) 

(444) 

(542) 

(242) 

(225) ; (j. («•») 
(254) 

(242) 

(424) 

(215) 

(425) 

(252, 421, 414) 
(108, 308» 311, 
475, 550) 

(421) 

(421) 

(421) 

(421) 

(11, »•» *V 40 * 

124, 14t, 353, 
331, 338, 383, 
378, 438, 438, 
417, 481, •••* 
80f); qf. ( ffB ) 
(222); */. (***) 
(74, 424) 

(38, 48, 37*) 
(438) 

(848) 

(884) 

(J83) 

(438) 
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(T-Table.— The <£ -Arrangement. — ( Continued ) 


Electrolyte 


Formula 


C 2 H 6 NOi 


C 2 H*N0 2 

C|H(N|0| 

CiH*HgO 

C 2 H.N 2 0 

c 2 h.n 2 o 

c 2 h,o 


C 2 He0 2 

C 2 He04S 

C 2 He0 4 S 

C 2 H 7 As0 2 


c 2 h 7 n 

c 2 h 7 n 

C 2 H 7 NO*S 

c 2 h 7 oti 

c 2 h 7 o 4 p 

c 2 h 7 o 4 p 

C 2 H 7 0 i P 

c 2 h.n 2 

CiHCIiOj 

c,h 2 n, 

C.HjNtOtS 

C,H 2 NiO, 

C»H|N t Oi 

C,H,C10 4 

CiHiCIiOj 

C,H,N0 2 


C.H.NO.S 


C»H 4 NOfS 

CiH»NiOfS 

C.H.N.O, 


C,H 4 Br,0 2 

C|H 4 Brj0 2 

C,H 4 N 2 

c»h 4 n,o 

c*h 4 n 2 o, 

c,h 4 n,o 4 

c,h 4 n,o 4 

c,h 4 n,o 4 

c.h 4 n 4 o, 

c,h 4 o 2 

C*H 4 Oj 


Name 


Aminoacetic acid 


Isonitroethane 

Biuret 

Mercury ethyl hydroxide 
Nitrosodimethylamine. . . 

O-Methylisourea 

Ethyl alcohol 


Glycol 

Acetaldehyde sulfurous acid 

Monoethyl sulfate 

Cacodylic acid . 


Dimethylamine 


Ethylamine 

Ethylsulfo n amide 

Thallium dimethyl hydroxide 

Dimethyl phosphate 

Monoethyl phosphate 

Monoglycol phosphate 

Ethylenediamine 

Trichloroacrylic acid 

Malononitrile 

Thioparabanic acid 

Parabanic acid 

Cyanonitrosoacetic acid 

Chloromalonic acid 

Trie hlorolac tic acid 


Cyanoacetic acid 


2, 5-Diketotetrahydrothiazole 


Thiocyanoacetic acid . . . 
Isonitrosothiohydantoin 
Cyanuric acid 


a, of-Dibroinopropionic acid 

a, 0-Dibromopropionic acid 

Glyoxaline ' 

W-Cyanoacetamide 

Hydantoin 

Dioximinopropionic acid (labile) . 
Dioximinopropionic acid (stable) 
Oxaluric acid 

A r -Methyltetra*olecarboxylic acid. 


Acrylic acid 


Pyroracemic acid (pyruvic acid). 


/, °C 


c- Range 


Ao 


A:(or A r ) 


Lit 


18 

25 

0 

25 

25 

19 

25 

15, 18 


25 

25 

25 

0 

25 

25 

0-50 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

18 

25 


0 

18 

25 

25 

25 

25 

0-96.2 

25 

25 

25 

25 

25 

25 

25 

25 

20 

0-40 

18 

25 

25 


0.1 
1.0-0.016 

0.02 

0.1 

0.00-0.004 
0.067 
0.03-0.001 
All concns. from 
pure water to 
100% alcohol 
4-0.03 
0.04-0.01 
0.03-0.001 
0.06-0.001 
0 . 12 - 0.001 

0.06-0.001 
0.06 

0.12-0.004 
0.03-0.001 
0.12-0.008 
0.125-0.001 
0.125-0.002 
0.125-0.002 
0.06-0.004 
0.03-0.004 
0.016 

0.016-0.001 
0.03 

0.06-0.002 
0.03-0.004 
0.03-0.001 
0.025-0.013 
0.03-0.0002 


0-35 1 .0-0.0005 


0.25-0.06 
0.25-006 
0.25-0.03 

0.03-0.001 
0 . 002 - 0.001 
0.008-0.001 

0.03-0.0005 

0.03-0.001 

0 03-0 .001 

0.06-0.004 

0.04-0.0013 

0.03-0.004 

0.03-0.002 

0.03-0.001 

0.03-0.001 

0.016 

0.016 

0.03-0.001 

0 . 12 - 0.001 

0.14-0.001 


(?) 

(?) 

(?) 

(?) 

(?) 

(?) 

240 

(?) 


Ao.i 

Ao.o# 


0.035 

0.05 


Ao.o 2 = 1U.U 

Ap.i =0.35 
Ao.oi# = 1.7 
Ao.oe 7 = 0.41 
6.2 X 10“» 

A extremely small 
at all concns. 


( 33l );c/. (45) 

(•«. 197 );cf. 
(44, 516) 

(254^ 

(85) 

(I44 );c/ . (104) 
(574) 

(107) 

(160) 


(?) 

382 

(?) 

248 

381 
248.5 

246 

(?) 

(?) 

386 

386 

386 

242 

382 

(?) 

(?) 

390 

389 

384 

383 


Ao.* = 0 . 003 
Ao.o 4 = 332 
Ao.oj = 363 
4.1 X 10~ 7 
4.1 X 10" 7 

6.4 X 10- 7 

5.0 X10-* 

4.6 X 10~ 4 
Ao.oi =5.0 
Ao.i 2 = 132 
Ao.oi = 317 
Ao.m = 156 
Ao.m = 193 

7.1 X 10' 6 
Ao.oi = 272 
Ao.oi# =0.40 
Ao.oi# = 2.5 

7.5 X 10" 7 
1.35 X 10”* 

3.6 X 10- J 
4.5 X 10-* 


389.0 3.65 X 10~ J 


249 

345 

387 

389 

385 


7.0 X 10-« 
1.49 X 10~ 7 
184 X 10~ 7 
2.4 X 10~ 7 
2.60 X 10-* 
5 X 10“* 


383 

1.8 X 10-’ 


3.7 X 10-' 

381 

3.0 X 10-« 

381 

6.3 X 10-* 

247 

1 . 1 X 10-’ 

381 

1.5 x 10~« 

388 

6.3 X 10-‘» 

384 

4 1 X 10~* 

384 

2.80 X 10-« 

387 

Ao.oij = 303 


Ao.ou =■ 105 

(?) 

Ao.o,, = 208.7 

350 

5.6 X 10~‘ 

387 

5.5 X 10-» 

386 

3.2 x 10-* 


(77, 82) 

(315) 

(434) 

(628) 

(628) 

(296) 

( uo ); cf. (104) 
(251) 

(104) 

(504) 

(509) 

(164) 

( 120 ) 

( 120 ) 

(104) 

( 72 ) 

(213) 

(557) 

(624) 

(244) 

(577) 

(378, 436) 

(419) 

(109, 313, 436, 
466) 

(102.1, 109, 313, 
466, 610, 611) 
(305) 

(305) 

(505) 

(436) 

(436) 

( 2 «) 

(251) 

(26) 

(231, 456, 610) 
(579) 

(579) 

(148) 

( 26 ); Cf. (237) 
(557, 624) 

(244) 

(244) 

(436) v 
(557) 

(429) 

(429) 

(407) 

(436) 

( 7 «. 222 ); 

(436) 
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Formula 


C,H 4 0 4 


c,h 4 o* 

CiH*BrOi 

CiH»BrOt 

C,H fc C10, 

C,H 4 Cl6, 

CiHjClO* 

CjHJQt 

CjHiNOi 

C,H 4 NO,S, 

c,h 6 no« 

CiH^NOj 

C,H»NO, 

C 4 H 4 NO«S 

CiHiNOtS 

c,h 4 no 4 

C,HsN0 4 

C,HiN,Oi 

C,HsN,0 4 

C.H.N,0 

C 4 H 4 N,0,S 

C»H«NjOi 

C»H»Nj0 4 

CiH.N,0 4 


c,h 4 o 

C|H 4 Oi 


C.H.O. 

CjH 4 Oi 

CtHiOi 

CiQiO« 

CsHrClOt 

C,HtN 

CiHtNO 

CANO. 

CANO, 

CANO, 

CiELNiO 

CAO, 

CfH«0 4 

CsH«0 4 

CAQ«S 

CAN 


<£ -Table. — The <£ -Arrangement — (Continued) 


Electrolyte J 0/ ~, 

U 

Name 


Malonic acid 0 

25 

0-35 

Tartronic acid 25 


c- Range 


0 . 1 - 0.02 

0.06-0.001 

0.5-0.0005 

0 . 00 - 0.002 


cr-Bromopropionic acid 


0-Bromopropionic acid 

a-Chloropropionic acid 

0-Chloropropionic acid 

a-Hydroxy-0-chloropropionic acid 
/3-Iodopropionic acid 


Isonitroso acetone 


25 

0-35 

25 

25 

25 

25 

25 

0-35 

25 


Dithiocarbamineglycolic acid 25 

Nitroacetone 25 

a-Oximinopropionic acid 25 

0-Oximinopropionic acid 25 

Carbarn inethiogly colic acid 25 

Thiocarbamineglycolic acid 25 

Aminomalonic acid 25 

0-Nitropropionic acid 25 

tf-Triaxopropionic acid 25 

Nitromalonamide 25 

Ethyleneurea 25 

Ethylsulfonecyanamide 25 

aTiii-Diafourethane - 0 

Malondihydroxyamic acid 25 

Ethyl nitrocarbamate 0 

10 

20 

25 

30 

40 

Acetone i 25 

Propionic acid 25 

-1 to 65 


Hydracrylic acid 25 

Lactic acid 25 

Methoxyacetic acid 25 

a, 0-Glyceric acid 26 

a-Monochlorohydrin 25 

Allylamine 25 

6-46 

Acetoxime 25 

a-Aminopropionic acid - 25 

Methylaminoacetic acid 25 

Prtpionohydroxamic acid 25 

Ethyliaourea . 25 

Propane- 1 , 2-diol . . .. 25 

Propane-1, 3-dlol 25 

Glycerol -••• 25 

Monopropyl sulfate 25 

rv-ftopylamine 25 


0.008-0.001 
0.03-0.0005 
0.03-0.001 
0.06-0.001 
0.06-0.001 
0.06-0.001 
0.06-0.001 
0.12-0 .0005 
0.05-0.02 

0.06-0.001 
0.03-0.004 
0.06-0.001 
0.016-0.001 
0 . 12 - 0.001 
0.06-0.001 
0.06-0.002 
0.03-0.002 
0.06-0.003 
0.008-0.002 
0.03-0.004 
0 . 01 - 0.001 
0.016-0.002 
0 . 03-0 . 008 
0.06-0.004 
0.06-0 004 
0.06-0.004 
0.06-0.004 
0.06-0.004 
0.06-0.004 
0.5 

0 . 12 - 0.001 

1.0-0.0005 


0.03-0.001 

0.20-0.0004 

0.06-0.001 

1.0-0.001 

1 . 0 - 0. 5 
0.12-0^004 
0.06 

0.03-0.004 
0.016-0 001 

0.0011 

0.06-0.03 

0.12-0.004 

0.5 

1.0- 0.03 
8-0.03 
0.03-0.001 
0.25-0.001 


Ao 

*(or A,) 

lit. 

247 

1.44 X 10-» 

(..i) 

384 

1.60 X 10-* 

(4», 41*, .77) 
(4., Ill, •*•) 

383 

1.05 X lO" 1 

(41.) 


4.9 X 10“* 

(.1.) 

382 

1.06 X10“* 

(»,*») 

(« 10 ) 

382 

9.5 X 10“* 

(* T ») 

385 

1.6 X 10-* 

(144) 

385 

8.4 X 10-» 

(144) 

385 

7.5 X 10-« 

(.21) 

385 

8.8 X 10- 1 

(4*4) 



(41*) 

386 

3 X 10-* 

(*•*); ^ (1»*. 


385 

385 

385 

385 

386 
386 
384 


386 

382 

(?) 

373 

246 


240 

299 

355 

384 

412 

465 

(?) 

386 


385 

385 

385 

384 

(?) 

241 

383 

378 

(?) 

385 




(?) 

(?) 

(?) 

(?) 


5 X 10-‘ 

1 .0 X io -‘ 

4.8 X 10 - * 

9.8 X 10"‘ 

2.6 X 10-* 
1.12 X 10-* 
7.60 X 10-‘ 
1.65 X 10"‘ 

8.7 X 10"‘ 

6 8 X 10-‘ 
A». oi “ 0.35 
[7 X 10-«] 

1.4 X lO'T* 

6 X 10'* 

3.0 X 10"‘ 

3.5 X 10" 4 
4.4 X 10" 4 

5.0 X 10"* 
6.2 X 10-* 

5.8 X 10-‘ 
Ac. i “ 0.017 
1.32 X 10"‘ 



2.95 X 10-* 
1.36 X10-* 

3 . 29 X 10-* 
2.94 X 10-‘ 
2.23 X 10"* 
2.75 X 10-* 
A.., -0.017 

4.9 X 10"‘ 

Ac.oc “ 0.07 
Ac.cn - 0.36 

Ac.mii m 244 
2.7 X 10"* 
1.05 X 10- 4 

Ac . -0.009 
Ac. i - 0.009 
A,., -0.007 
A..,. - 356 

3.9 X 10- 4 


14 *) 

(»«) 

(*•»); (*•• 
( 244 , 111 ) 

( 244 ) 

(*•«, «*•) 

( 2 * 6 ) 

( 170 ) 

(. 7 .) 

( 4 . 2 ) 

( 212 ) 

(. 17 ) 

(*•) 

( 1 . 0 ) 

( 42 .) 

(«*) 

(«») 

( 4 *. 1 **) 

( 4 *. *» 7 ) 

(«) 

(«») 

(.. 1 ) 

( 1 . 1 , 2 * 0 , «•) 
(II, *«, * 7 > **•» 
2 * 1 , 417 , 

«oo, on, •«•); 

cf. (»•») 

( 17 ., 41 .) 

( 70 , * 7 «, **•); 

cf. (««) 

(4»») 

( 41 .) 

(l.T», «*•) 

(•*) 

(.., 77 ) 

( 104 ) 

( 2 . 1 ) 

(.. 7 ) 

(2*®)j cf. {*** 

1 * 7 , * 11 ) 

(*«•) 

( 42 .) 

( 1 * 7 ) 

(”) 

(.., 77) 

( 77 , •*) 

( 414 ) 

( 1 * 4 , 4 * 1 ) 
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(i -Table. — The d -Arrangement — ( Continued ) 


Formula 


CiH,Ni04S 4 

C 4 H,NiPt 

C 4 H s 0 4 

C 4 H*Br0 4 

C 4 H,N,0 4 

C 4 H»Ni0 4 


c 4 h,n,o 4 

C 4 H 4 Brj0 4 

C 4 H 4 Br*0 4 

C 4 H 4 C1j0 4 

C 4 H 4 C1sO« 

c 4 h 4 n,o. 

c 4 h 4 n,o. 


c 4 h 4 n,o 


C 4 H 4 N a 0 4 

c 4 h 4 n,o 4 

C 4 H 4 N,0 4 

c 4 h 4 n,o 4 

c 4 h 4 n 4 

c 4 h 4 o, 

c 4 h 4 o,s 

c 4 h 4 o 4 


c 4 h 4 o 4 


c 4 h 4 o 4 

c 4 h 4 o. 

c 4 h 4 o 4 

c 4 h 4 o 4 

C 4 H 4 Br0 4 


Electrolyte 


Name 


C»H»N 

C|H»N 

CiHtOiP 
C|H 10 N i 

C»HioOS 

CjHioOSn 

CjHioOTe 

CiHNi 

CJI jBrjN tOi 
C 4 H a CltNiO* 
C 4 H,N,0 4 


Isopropylamine . 
Trimethylamine 


Monoglyceryl phosphate 

Trimethy lenediamine 

Trimethylsulfonium hydroxide. . . . 

Tin trimethyl hydroxide 

Tellurium trimethyl hydroxide — 
Cyanoform 


Dibromobarbituric acid 
Dichlorobarbituric acid 
Alloxan 


Nickelodithiooxalic acid . . . 

Platinocyanic acid 

Acetylenedicarboxylic acid 

Bromomaleic acid 

Nitrouracil 

Violuric acid 


Nitrobarbituric acid 

Isodibromosuccinic acid. . . 
sym.-Dibromoeuccinic acid 


fum.- 2, 3-Dichlorosuccinic acid.. . 
mal.- 2, 3-Dichlorosuccinic acid. . . 
Barbituric acid - 


Methyl cyanonitrosoacetate. 


Methyloxiraino-»yn-oxazoione 


Methylparabanic acid 

Dialuric acid 

a, a-Dioximinosuccinic acid 
0, 0~Dioximinosuccinic acid . 
C-Methyl cyanoosotriazole . 


Tetrolic acid 

a, 0-Thiocro tonic acid 
Fumaric acid 


Maleic acid 


Hydroxyfumaric acid.. 
Hydroxymaleic acid . . . 
Dihydroxyfu marie acid 
Dihydroxy maleic acid. 


dZ-Bromoauccinic acid 


t, °c 

o-Range 

Ao 

k(or A«) 

Lit. 

25 

0.12-0.004 

239 

4.3 X 10-« 

( ,04 ) 

25 

0-35 

0.00-0.001 

0.03 

244.5 

6.5 X 10~* 

( 1,0 );c/. (»04) 

(251) 

25 

0.125-0.002 

383 

Ao. i is = 190 

(12°) 

25 

0.06-0.004 

234 

2.8 X 10" 4 

(104, 430) 

25 

0.5-0.004 

245 

Ao.oi = 222 

(495) 

25 

0.06-0.004 

231 

1.5 X 10" 7 

(104) 

25 

0.06-0.004 

236 

Ao.oa = 210 

(104) 

0 

0.03-0.001 

(?) 

Ao.oa = 230 

(245) 

25 

0.03-0.001 

393 

Ao.oa = 362 

(245) 

25 

0.016-0.001 

384 

8.4 X 10" 6 

(557) 

25 

0.016-0.001 

384 

1.7 X 10" 5 

(557) 

25 

0.03-0.008 

384 

2.3 X lO' 7 

5 X lO” 9 

(624); cj. ( Il6 « 

557) 

( 86 ); cf. (116, 

557) 

25 

0.0014-0.0007 

(?) 

Ao.ooh = 735 

(477) 

25 

0.03-0.001 

(?) 

Ao.oa = 752 

(575) 

25 

0.016-0.0005 

(?) 

Ao.oi# = 497 

(436) 

25 

0.06-0.0002 

381 

Ao.oo — 254 

(436) 

25 

0.008-0.001 

383 

3.19 X 10“ # 

(557) 

0 

0.03 

244 

1.4 X 10" 6 

(216) 

25 

0.03-0.002 

382 

2.67 X 10-* 

(216, 380) 

35.5 

14.5-54.1 

0.03 

0.03 

443 

3.26 X lO" 8 

(216) 

(216) 

25 

0.03-0.001 

382 

Ao.oic = 347 

(276, 557) 

25 

0.015-0 .0002 

381 

Ao .016 = 302 

(524) 

25 

0-65 

0.03-0.0000 

0.03-0.0005 

381 

Ao.oa = 262 

(524, 577) 

(526) 

25 

0.03-0.001 

377 

Ao.oa — 253 

(400) 

25 

0.06-0.001 

377 

Ao.oa = 269 

(400) 

25 

0.03-0.001 

384 

9.6 X lO” 1 

10.5 X lO" 5 

(557) 

(624) 

0 

0.06-0.016 

249 

1.4 X 10" 5 

(411) 

18 

0.06-0.016 

352 

2.3 X 10" 6 

(411) 

25 

0.06-0.001 

390 

2.8 X 10" 5 

(410, 411) 

35 

0.03-0.016 

448 

3,1 X lO" 6 

(411) 

40 

0.016 

477 

3.3 X 10~* 

(411) 

0 

0.03-0.012 

245 

8 X 10“« 

(216, 217) 

25 

0.03-0.012 

384 

3.4 X 10-* 

(216, 217) 

35.5 

0.03-0.012 

445 

5.7 X 10“ 6 

(216, 217) 

25 

0.03-0001 

(?) 

[Ao.oa = 2.72] 

(557) 

25 

0.008-0.001 

381 

6 X 10“‘ 

( 85 )J Cf. (557) 

25 

0.06-0>004 

381 

1.0 X 10" a 

(244) 

25 

0.06-0.001 

381 

Ao. os = 238 

(244) 

25 

0-40 

0.008 

0.008 

(?) 

Ao. 008 = 4.00 

(429) 

(429) 

25 

0.03-0.0005 

388 

2.41 X 10-* 

(436) 

24 

0.016-0.001 

380 

2.2 X 10 -4 

(46S) 

25 

0-65 

0.04-0.002 

0.03-0.0005 

383 

9.1 X 10“ 4 

(86, 436) 

(45, 328, 525, 
609) 

18 

0.12-0.0005 

343 

1.37 X lO"* 

(162) 

25 

0-65 

0.06-0.001 

0.12-0.0005 

383 

1.15 X 10-* 

(436, 476) 

(45, 84, 86, 328, 
525, 609) 

17 

0.10-0.0016 

340 

2.72 X 10-* 

(623) 

17 

0.10-00016 

340 

2.46 X 10"* 

(623) 

25 

0.016-0.002 

383 

[7.7 X 10-*] 

( 519 ),'C/. («7) 

25 

0.016-0.008 

383 

16.7 X 10-*] 

( 519 ); cf. (87, 
350) 

25 

0.03-0.002 

382 

2.70 X 10“» 

(577) 
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C-Table. — The <L -Arrangement — ( Continued ) 


Formula 

—A— _ 


CiEUBrOi 

C^HjBrOi 

C 4 H*C1N, 

CjEUClO. 

C 4 H 4 CIO, 

C 4 H.C 10 , 

C 4 H 4 CiOi 

C4HIC10* 

C4H4C104 

C4H4C104 

C«B»C1(>4 

C4H4C106 

C«H»Cl«Ot 


C 4 H*NO, 

C 4 H»NO, 

C 4 H»NOi 

CiHjNOi 

C 4 H4N,0. 


CaHjNiOj 


CJI.N,0, 

CiHiBrjOiS 

C«H.Cl«Oi 

CiHiCliOt 

C 4 HiC1iO^S 


C 4 HiN* 

CiHtN, 

CiH.N, 

CiHeNtOt 

C.H.N.O, 

C 4 H 4 N,0 4 

C 4 H 4 N,04 

C4HJM401 

C4HI01 

C4H.0, 

C4H40* 

C 4 H«Ot 

C4H401 

C4H40I 

C4H404 


Electrolyte 


Name 


dl - Bromosucciuic acid. — (Coni’ d) 

t-Bromosuccinic acid, 

N-Methylchloroglyoxaline 

af-Chlorocrotonic acid 

0-Chlorocrotonic acid 

a-Chloroisocrotonic acid 

0- ChJoroisocrotonic acid 

1- C h lo ro c y c lopropanecarboxylic 

acid 

ctf-Chlorosuccinic acid 

d-Chlorosuccinic acid 

i-Chloroeuccinic acid 

Chloromalic acid. < . . 

a, a , £-Trichlorobutyric acid 


Methyl cyanoacetate . 
7-Methy lisoxazolone .. 


Succinimide 

a-Oximinosuccinic acid 

N-MethyloBotriazolecarboxylic 
acid 

3-Methyl-4-i8onitro8opyrazolone . . 


4-Methyl-l-hydroxy-l, 2, 5-tri- 

azole-3-carboxylic acid 

/^Ditfromomethylmilfonepropionic 

acid 

/um.-a, 0-Dichlorobutyric acid 

mol.-a, 0-DichlorObutyric acid . . . , 
/3-Dichloromethylsulfonepropionifc 

acid .. 

A^Methylglyoxaline 

o-Methylg}yoxaline 

#*-Methylglyoxaline 

Ethyl cyanocarbamate 

Lactocyanamide 

amphi - Dioximinobutyric acid .^ . . . 

«yn-Dioximinobutyric acid 

Etliyl tetrazolecarboxylate 


cr-Cro tonic acid 


0-Crotonic acid 

Diacetyl 

Trimethylenecarboxylic acid 


t, °C 


0-25 

25 

25 

25 

25 

25 

25 

[25] 

25 

25 

25 

25 

25 

18 

25 

20 

0-40 

25 

25 

25 

0-40 

15 

25 

40 

21.5 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

20 

0-30 

25 

0-65 

25 

25 

25 


Vinylacetic acid 25 

Vinylglycolic acid 25 

Succinic acid 25 


o-Range 


0.008-0.0005 

(?) 

0.06-0.008 

0.06-0.001 

0.06-0.001 

0.06-0.001 

0.06-0.001 

(?) 

0.03-0.002 

(?) 

(?) 

0.06-0.001 
p.37-0. 0016 

0.11-0.0017 

0.03-0.016 

0.004 

0.06-0.016 

0.03-0.004 

0.008 

0 005-0.003 
0.008-0.001 
0.005-0.003 

0.04-0.003 

0.06-0.004 

0.03-0.001 

0.06-0.004 

0.06-0.004 

0. 06-0. 002 

0.06-0.001 

0.06-0 001 

0.02-0.0013 

0.03-0.004 

0.008 

0.03-0.004 

0.03-0.004 

0 . 12 - 0.001 

0.12-0.0005 

0 . 12 - 0.001 

1 - 0.002 

0.07-0.0015 

0.06-0.001 

0.06-0.001 

0.12-0.0005 



k(or At) 


382 

238 

384 

384 

384 

384 

(?) 

382 

382 

382 

382 

379 


(?) 

(?) 

385 

383 

(?) 

325 

381 

462 

355 

377 
383 

383 

378 
245 
245 
239 
381 
381 

384 

384 

385 


384 

385 
384 

387 

384 

382 


2.70 X 10-* 
1.8 X 10“« 
7.0 X 10"< 
1.42 X 10~ 4 
1 , 66 X 10- 1 * 

9 . 3 X 10-* 

5.5 X 10-* 

2.85 X 10" 
2.85 X 10" 
2.85 X 10-» 
4.7 X 10" 


Ao.m 

= 333 

Ao.oi 

= 0.33 

A0.004 

= 112.3 

Ao.oi 

- 0 t 5 

1.1 X io-* 

Ao.008 

- 88.5 


8.8 X 10-’ 
1.13 X 10-' 
1 .70 X 10" 

6.0 X 10-* 

1.97 X 10" 

5.9 X 10-* 

7.9 X 10"* 

1.95 X 10" 

2.2 X 10-’ 

4.2 X 10- 7 

1.3 X IP" 
4.7 X 10-* 

[3 X 10"] 

2 X 10-‘ 

1.3 X 10" 

4.0 X 10" 


384 2.00 X 10-* 


3.5 X 10-‘ 
4 X 10-’ 
1.68 X 10"* 
1.40 X 10" 
3 . 76 X 10"‘ 

4.6 X 10" 
4.8 X 10" 

6.7 X 10" 
6.6 X 10" 

6.3 X 10" 


0-65 0.98-0.0005 


I (MS) 

(570) 

(148) 

(438) 

(436) 

(436) 

(436) 

mi) 

(877) 

(670) 

(670) 

(633) 

(146, 313,113, 
436, 466) 
(163, 410) 
(313) 

(430) 

(439) 

(343, 677) 
(344) 

(439) 

(439) 

(363) 

(363); ^.(336) 
(363) 

(176) 

(366) 

(400) 

400) 

368) 

148) 

148) 

148) 

36) 

36) 

144) 

144) 

.38) 

.38) 

176, 430) 

136, 609) 

136) 

'*) 

•); cf. (•*) 

41, 487, 635) 

0 <”); ( ,9S ) 

(634) 

(520) 

(44, 138) 

(86, 376, 436, 

476, 865) 

( 6 * 12 ) 

(11, 48, 64, 126, 
148, 328, 320, 
450, 476, 507, 
600) 


» 
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C-Table.— The (t-Arrangement.— (Continued) 


Formula 


C 4 H«0 4 

CJIbOiS 

C 4 HeOiS 

C 4 H 6 0 4 S 2 

CiHoObSi 

C 4 H 4 0 4 Se 

C 4 He0 6 

C 4 H 4 0 6 

C 4 HeOs 

C 4 H 4 0a 

C 4 H«0« 


c 4 h 4 o« 


c 4 h*o« 


C 4 H 4 OoS 

c 4 h 4 o, 

C 4 H 7 BrO a 

C 4 H 7 BrOi 

C 4 H 7 C10i 

C 4 H 7 C10* 

c 4 h 7 cio 2 

C 4 H 7 C10, 

c 4 h 7 cio, 

c 4 h 7 cio, 

c 4 h 7 f 4 n 

c 4 h 7 f 4 o 4 p 

c 4 h 7 io, 

c 4 h 7 no, 

c 4 h 7 no, 

c 4 h 7 no 4 

c 4 h 7 no 4 

c 4 h 7 no 4 

c 4 h 7 no 4 

c 4 h,n,o, 

CiHgOi 


C 4 H 4 0i 


C 4 H»0»S 

C 4 H«Oi 

C 4 H$Oi 


Electrolyte 

Name 


Isosuccinic acid .... 
Thiodiglycolic acfd. 


Thiomalic acid 

Dithicxjiglycolic acid 
Trithiodiacetic acid . . 
Selenodiglycolic acid 

Diglycolic acid 

dl - Malic acid 

J-Malic acid 


di-Tartaric acid 


d-Tartaric acid 


t, °C 


25 

25 

0-65 

25 

25 

25 

25 

25 

25 

25 

0-35 

25 

17-37 

18 

25 

76 

0-42 


J-Tartaric acid ; 25 

0-65 

para- Tartaric acid 25 


Sulfonediacetic acid 

Dihydroxytartaric acid 
a-Bromobutyric acid. . 


7 -Bromobutyric acid 

a-Chlorobutyric acid 

/3-Chlorobutyric acid 

7 -Chlorobutyric acid 

a-Chloro-0-hydroxy butyric acid. . . 
a-Hydroxy-/3-chlorobutyric acid. . . 
a-Hydroxy-/3-chloroisobutyric acid. 

Tetrafluorodiethylamine 

Tetrafluorodiethyl phosphate 

7 -Iodobutyric acid 

Acetylaminoacetic acid 

a-Oximinobutyric acid 

Aminosuccinic acid 


0-65 

25 

25 

25 

0-35 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 


Diglycolamic acid 25 

J-Malamic acid 25 

Ethyl nitroacetate 25 

Aminosuccinamic acid. . . % 25 


n-Butyric acid 25 


0-65 


Isobutyric acid 


0-65 


Ethylthioglycolic acid 25 

Ethoxyacetic acid 25 

a-Hydroxybutyric acid 25 


c- Range 


0.06-0.001 

0.06-0.001 

0.12-0.0005 

0.03-0.001 

0.03-0.016 

0.08-0.0013 

0 . 12 - 0.001 

0.016-0.001 

0.016-0.001 

0.03-0.001 

0.03-0.0005 

0.06-0.001 

0.1-0.0004 

1.0- 0.004 

0.1-0.008 

1.0- 0.05 


0.06-0. ($4 

0.12-0.0005 

0.12-0.004 

0.12-0.0005 

0.06-0.001 

0.06-0.001 

0.008-0.001 

0.03-0.0005 

0.03-0.015 

0.06-0.001 

0.06-0.001 

0.03-0.015 

0.025-0.0008 

0.06-0.0005 

0.06-0.0005 

0.06 

0.03-0.001 

0.03-0.015 

0.06-0.001 

0.06-0.001 

0.03-0.001 

0.03-0.001 

0.03-0.001 

0.04-0.002 

0.06-0.004 

0 . 12 - 0.001 

0.5-0.0001 


0.06-0.001 

1.0-0.0005 

0.07-0.002 

0.06-0.001 

1.0-0.0005 


383 

384 

384 

385 

381 
384 
383 

382 
382 

382 

346 

382 

619 


382 


382 


384 

381 

381 

383 

383 

383 

383 

383 

383 

383 

(?) 

383 

383 
381 

384 
381 

380 

383 

384 
380 

383 


383 


k(or A*) 


8.4 X 10-< 
4.8 X 10~ 4 

5.2 X 10' 4 

6.7 X 10" 4 

1.03 X 10' 3 
4.17 X 10“ 4 

1.08 X 10" a 

3.9 X 10' 4 
3.88 X 10" 4 

5.9 X 10” 4 

9.7 X 10‘ 4 
9.6 X lO' 4 

1.03 X 10“ a 


9.6 X 10- 4 


9.6 X 10 


1.26 X 10-* 
(1.2 X 10-*] 
1.03 X 10“* 

2.6 X 10-* 
1.45 X 10-» 
8.8 X 10" 6 
[Ao.o» = 12.2] 
2.5 X 10" a 

8.1 X 10' 4 

6.2 X lO' 4 
Ao.oa =0.12 
Ao.oi = 347 

2.3 X lO" 6 
2 . 25 X 10" 4 
7.0 X 10" 4 

Ao.oi = 17.2 

Ao.oi = 63.4 
2.76 X 10" 4 

1.4 X 10-® 
Ao.oi = 0.096 

1.50 X 10-* 


1.41 X lO" 4 
1.55 X 10-* 


383 

383 

385 


1.80 X 10“ 4 
2 /30 X 10“ 4 
6 X 10-* 


Lit. 


( 438 , 577 ) 

( 357 , 436 ) 

( 610 , 611 ) 

( 482 ) 

( 436 ) 

( 282 ) 

( 358 ) 

( 79 . 436 ) 

( 436 , 570 ) 

( 378 , 436 , 570 ) 
( 45 , 525 ) 

( 133 , 577 ) 

( 45 . 112 ) 

( 440 ) 

( 71 , 211 , 375 , 
436 , 377 ) 

( 440 ) 

( 45 , 50 , 113 , 121 , 
123 , 208 , 326 , 
351 , 463 , 472 . 
496 , 527 , 555 ) 
( 133 , 436 , 577 ) 
( 112 , 610 , 611 ) 
( 73 , 211 , 436 , 
577 ) 

( 45 , 50 , 112 , 299 , 
525 , 609 ) 

( 357 ) 

( 519 ) 

( 579 ) 

( 610 ) 

( 344 ) 

( 344 ) 

( 344 ) 

( 344 ) 

( 523 ) 

( 523 ) 

( 523 ) 

( 545 ) 

( 288 ) 

( 344 ) 

( 436 ) 

( 291 ); c/ . ( 244 ) 
( 537 , 577 , 622 ); 

cf. («) 

( 537 ) 

( 369 ) 

( 342 , 498 ) 

( 588 ); c /. ( 577 , 
622 ) 

( 53 , 163 , 200 , 
376 , 436 , 619 ) 
( 11 , 35 , 37 , 273 , 
328 , 437 , 525 , 
558 , 609 ) 

( 141 , 200 , 436 ) 
( 53 , 163 ) • 

( 293 , 525 , 558 , 
609 ) 

( 465 ) 

( 4 * 6 ) 

( 10 , 432 ) 
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Electrolyte 


C-Table. — The (T- Arrangement — ( Continued ) 


Formula 1 

Name 

C 4 H 8 0 , 

o-Hydroxybutyric acid.— {Cord'd) 

CiHsOi 

0-Hydroxybutyric acid 

C«H 8 0 j 

y-Hydroxybutyric acid 

CiH«Oa 

Hydroxy isobutyric acid 

CJLO, 

o-Methoxypropionic acid 

CiHsOj 

/ 3 -Methoxypropionic acid 

C4H9N 

Methylene cyclopropaneamine. . . . 

C 4 H|NOi 

y-Aminobutyric acid 

C4H9NO1 

Butyrohydroxamic acid 

CoH.NO, 

Dimethylaminoacetic acid 

C4H9NO4 

2, 2 -Nitromethylpropane-I, 3 -diol. 

C 4 H 9 N 0 8 

Nitrotricarbinolmethane . 

C4H9O0P 

Erythritolphosphoric acid . . . 

C 4 H) 0 Ni 

Diethylenediamine , 

c 4 HloNJo 4 

Glycoliminohvdrin . 

C4H 10 N s O 8 

Dinitroethane alcoholate. . 

C 4 H io O 

Ethyl ether 

G 4 H ioO| 

n-Butane-1, 4 -diol 

CJI ioO»S 

Dimethvlthetin 

C4H ioO^S 

Monoisobutyl sulfate 

C 4 HuN 

Diethyjamine 

C 4 HhN 

Isobutylamine 

C 4 HnN 

aec.-Butylamine. . . 

C4HI1N 

tert-Butylamine 

C4HH04P 

Diethyl phosphate 

C4H1104P 

Monoisobutyl phosphate 

CiHuOTl 

Thallium diethyl hydroxide 

CiHiJNO 

Trimethyliodomethylammonium 
hydroxide 

C 4 HuN a 

Tetramethylenediamihe 

C 4 HuAaO 

Tetramethylarso ilium hydroxide.. . 

C4H11NO 

__ __ _ -■ 

Tetramethylammonium hydroxide. 

C 4 Hi|OP 

Tetramethylpho8phonium hydrox- 
ide. . , 

C 4 HuOSb 

Tetramethylstibonium hydroxide.. 

C»HBr« 0 * 

Tribromotriketopentamethylene. . . 

CiHCl.Oi 

Trichlorotriketopentamethylene. . . 

CvHCLO* 

1, 1, 3 , 4 , 4 -Pentachloropentadiene- 
carboxylic acid 

C»H t Oi 

Croconic acid 

C»H|NiO» 

Nitrouracilcarboxylic acid 

CiBUBraOs 

Acetyldibromoacrylic acid 

c 8 h 4 n i o 4 

. Methylalloxan •. 

C»H 4 NiO» 

Uric acid. .4 

C|H 4 0 * 

Furfural 

CiH 4 0^ 

or-Thiophenecarboxylic acid 

C4H40IS 

0 -Thiophenecarboxylic acid 

CiH 4 0 » 

Pyromeconic acid. 

C5H4O1 

Pyromucic acid 

CJLOi 

Isopyromucic acid . 

CaHiBrNiOa 

* # 

Methylbromouracfl. . , * 

CtHiBrOi 

Bromotetric acid 

CiH 4 Br 0 4 

Bromocitraconic acid 

C|H|C1N|0) 

Methylchlorouracil . . . 

CaHiN 

Pyridine., 


t, °C 

o-Range 

25 

0.48-0.0005 

25 

0.013-0.003 

25 

0.00-0.001 

0-65 

0.12-0.0005 


A# 


25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

26 
26 
25 
25 

25 

25 

25 

25 

25 

25 

125] 

[25] 

(?) 

25 

25 

25 

25 

18 

37 

0-35 
25 
25 
25 
25 , 
25 

0-65 

25 

25 

25 

25 

25 

0 

25 


(?) 

(?) 

0.07-0.002 

0.03 

0.06-0.03 

(?) 

1-0.125 ' 

1.7-0.125 

0.125-0.002 

0.03-0.004 

0.016-0.001 

0.008-0.001 

0.5 

1 . 0 - 0. 6 
0.06-0.004 

0.03-0.001 

0.12-0.004 

0.25-0.001 

0.12-0.004 
0.12-0.004 
0.125-0.001 
0.125-0.002 
0. 1(M). 003 

0.06-0.004 
0. 03-0 v 004 
0.06-0.004 
0.06-0.004 

0,06-0.004 
0.06-0. 004 
0.03-0.001 
0.03-0.001 

•(?) 

0.07-0.0003 

0.03-0.001 

0.01-0.0007 

0.03-0.001 

0.00016 

0.0004 

0.0005 

0.5 

0.04-0.0008 

0.02-0.0006 

0.03 

0.06-0.001 
0.12-0.0005 
0.04-0.014 
0 . 002 - 0.001 
0.0015-0.0008 
0 . 01 - 0.0012 
0 . 002 - 0.001 
All eoncna. 

All eoncna. 


385 

385 

382 

(?) 

(?) 

235 

(?) 

383 

(?) 

(?) 

(?) 

383 

233 

(?) 

383 

(?) 

(?) 

(?) 

234 

235 

235 

235 

383 

383 

(?) 

235 
231 

236 
243 

238 

230 

(?) 

(?) 

(?) 

(?) 

382 

380 

(?) 

336 

437 

(*) 

385 

385 

(?) 

385 

• 

385 

382 

383 
380 
382 

(T) 

<T) 


A: (or A.) 

1.05 X 10" 4 

3.03 X 10-* 

3 .3 X 10“* 

1 . 90 X 10-‘ 

1.03 X 10" 4 

3.04 X KT 4 
3.46 X 10-‘ 

3.6 X 10- 4 
Ao.oi “0.2 

2.3 X 10~« 

(2 X 10~T 
A,., - 0.017 
Ao.i “ 0.026 
Ao. j it ~ 212 

5.3 X 10" 4 
Ao.oi* “71.5 

1.7 X 10" 4 
A,.. « 0.065 
Ai.o “ 0.022 
Ao.oi “2.1 
Ao.oi “0.87 
Ao.oi “ 350 

1.01 X 10- 1 
2.6 X 10- 4 

3 6 X 10* 4 

2.8 X 10-< 
Ao.or “ 304 
Ao.ui “ 152 
Ao.io “ 146 

Ao.oo “ 210 

4.1 X 10-‘ 
Ao.oo “ 210 
Ao.oo “ 219 


Ao.oo 

Ao.oo 

Ao.oi 

Ao.oi 


214 

177 

348 

346 


6 X 10 _ * 
Ao.or “ 337 
Ao.oi “ 339 

6.0 X 10"‘ 
Ao.oi “9.9 

2 x ior* 

3.2 X 10-* 

Ao.i “0.15 
3.10 X 10- 4 
7.7 X 10-* 
Ao,oi “0.57 

7.01 X 10- 4 

3 X 10-* 

2.6 X 10-* 

1 X io-‘ 

1.4 X 10-’ 

3.2 X 10-* 

Extremely sn 


Lftll 

tall 


(. 7 ) 

(*«•>); cf. (••) 

( 67 ) 

(*«*) 

( 378 , 436 ) 

( 610 , 611 ) 

(« 36 ) 

( 438 ) 

(?.«) 

( 340 ) 

( 436 ) 

( 307 ) 

( 68 ) 

( 65 ) 

( 130 ) 

( 104 ) 

( 368 ) 

(*«> 

( 581 ) 

( 65 ) 

( 11 .) 

( 415 ) 

( 434 ) 

( 104 ) 

(•04); cf. (141* 

433 ) 

( 104 ) 

( 104 ) 

( 164 , 368 ) 

( 130 ) 

( 60 .) 

( 104 ) 

( 104 , 430 ). 

( 104 ) 

( 104 ) 

( 104 ) 

( 104 , 

( 334 ) 

( 334 ) 

( 636 ) 

( 137 ) 

( 5 . 7 ) 

m 

( 5 . 7 ) 

( 387 ) 

( 313 ) 

( 610 ) 

(««) 

( 36 , 436 , 6 * 6 ) 

( 388 , 566 ) 

( 436 ) 

( 378 , 436 ) 

( 536 , 60 .) 

( 133 ) 

( 657 ) 

( 573 ) 

(’) 

(68f) 

( 3 » 7 ) 

( 3 . 7 ) 
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C-Table.— The C- Arrangement— (Continued) 


Electrolyte 


Formula 


CiHiNO. 

CftHiNOsS 

cja.NO, 

cana 

cana 

can, 

CAN, 

CAN, 

CiHAOB 
CANA 
CANA 
CAN A 
CANA 

cana 

C»H«0, 

CiflfO, 


cao 4 


CtEjb, 


C.HfOi 


CM 

cao 4 

C,HA 

CAOA 
CAO, 
CAO A 

CiHeOt 

C A6r0 4 

CANO, 

CAN, 

CAN, 

CAN, 

CAN/) 

CANA 

can, 

CAN, 

C1H1N1O 

CAN, 0 £ 
CANA 

CAO, 

CAO, 

CAO, 

CAO, 

CAO, 

CAO, 

CAO, 

CAO, 

CAQ£ 

CAO A 
CAO, 


Name 


Pyrrole- 2-carboxylic acid 

4-Methylthiazole-5-car boxy lie acid 

Methyl cyanoformylacetate 

Methylnitrouracil 

Methyl yiolurate 


cf-Aminopyridine 

0-Aminopyridine 

7 -Aminopyridine 

Methylthiouracil 

Methyluracil 

Dimethylparabanic acid . . 
Ethyl cyanonitroeoacetate 

Succincyanamic acid 

Uric acid glycol 

Tetric acid 

Citraconic acid 


Glutaconic acid 


l, °C 


25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 . 

0-65 

0 

25 

45 


Itaconic acid 25 


Meeaconic acid 


0-65 

25 

0-65 


Trimethyiene-1, 1-dicarboxylic acidl 
fum>- Trimethylene-1, 2-dicarboxy- 

lic acid * 

mai.-Trimethylene-l, 2-dicarboxy- 

lic acid 

Trithiocarbondiglycolic add 

Acetonedicarboxylic acid 

Dithiocarbondiglycolic acid 

Ethenyltricarboxylic add. 

Bromopyrotartario add 

Ethyl cyanoacetate 



0, P'-Diaminopyridine . 
Methyliminouracil. . . . . 
V-Dim ethyl cyan urate 
JV-Ethylglyoxaline ... 

p-Ethylglyoxaline 

Butyrylcyanamide . . . 
Thioeuccinuric acid . . . 

Succinuric add 

Acetylacetone 


Allylacetic acid 
Angelic add. . . 


add 


Ethylidinepropionic add 

Propylidineacetic acid 

Tetramethylenecarboxylic add . . . 

Tiglic add 

Tetrabydro-o-thiophenecarboxy lie 

add 

Ethyltrithiocar bon glycolic add.. . . 
Methyl acetoaoetate 


25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

2i> 

25 

[281 

25 

25 

25 

25 



25 


c- Range 


0.03-0.0008 
0.008-0.0005 
0.03-0.001 
0 . 002 - 0.001 
0.004-0.001 
0.06-0.03 
0.12-0.06 
0.12-0.008 
0 . 002 - 0.001 
0.016-0.001 
O'. 03-0 . 008 
0.03-0.001 
0.016-0.001 
0.004 
0.03-0.004 
0 . 10-0 001 
0.03-0.0005 

0 04-0.0006 
0.03-0.0008 
ft 03-0.004 
0.06-0.0007 

0.03-0.0005 

0 . 02 - 0.001 

0.03-0.0005 

0.03-0.002 

0.01-0.003 

0.02-0.005 
0.012-0.0015 
0.05-0.0016 
0.06-0.001 
0.03-4). 001 
0.016-0.004 
0.004-0.002 
0.06 

0.12-0.008 

0.12-0.06 

0.008-0.001 

0.016 

0.06-0.001 

0.06-0.001 

0.03-0.0009 

0. 016-0. oor 
0.016-0.001 
0.06-0.001 

0.06-0.001 

0.03-0.0005 

(?) 

0.06-0.001 

0.06-0.001 

0.07-0.001 

0.03r-0.001 

0.06-0 002 

0.01-0.0014 

0.016 


385 


383 

383 

(?) 

382 

379 

(?) 

382 

381 


246 

383 

381 


381 


380 


380 


380 


(?) 

235 

235 

235 

383 

(?) 

237 

238 
379 

379 
378 
382 

382 

382 

(?) 

382 

382 

380 

382 

383 

378 

(?) 




3.9 X 10-‘ 
3.6 X 10* 4 
A 0.01 “ 187 
4.2 X 10" 7 
1.85 X 10- 7 

1.4 X 10- 7 
3.8 X 10"* 

1.33 X 10-* 

4.5 X 10- 8 

4.6 X 10“» 
Ao.o» = 0.35 
2.25 X 10" 1 
3.0 X 10-< 

A 0.004 =*3.27 
8.05 X 10"‘ 

3.33 X 10“* 


1 .60 X 10“* 
1.72 X 10- 4 

1.18 X 10-* 
1.46 X IO - 4 

7 . 75 X 10" 4 



1.95 X 10-’ 

2.05 X 10- 4 

4.0 X 10" 4 

2.6 X 10-’ 

7.7 X 10" 4 

1.6 X 10-* 

3.1 X 10” 3 
4.65 X 10-* 
A0.004 53 0 .48 

6.4 X 10 -* 
1.28 X 10-* 

1.0 x 10-^ 

3.7 X 10-* 
Ao.oi, ■•0.26 

2.5 X 10- 7 
1.0 X 10" e 

1 . 10 x 10- 4 

3.26 X 10-* 

3 . 05 X 10-* 

4.7 X 10-» 

1.4 X 10-* 
2.12 X 10-* 
4.9 X 10-* 

2 X 10" 4 

2.2 X 10" 4 
3.47 X 10"* 
1.51 X 10-“ 
1.81 X 10-* 

9.4 X 10"« 

1.11 x 10- 4 

8.2 X 10- 4 
Ao.oie 0.28 


( 7 );C/. (378) 

( 49 ) 

( 90 ) 

( 567 ) 

( 24 °) 

( 556 ) 

( 556 ) 

( 556 ) 

( 557 ) 

( 557 ) 

( 557 ) 

( 410 ) 

( 26 ) 

( 85 ) 

( 569 ) 

( 436 , 476 ) 

( 45 , 326 , 525 , 

609 ) 

( 362 ) 

( 562 , 577 ) 
( 559 ) 

( 436 , 47 ®) 
( 524 ) 

( 45 , 525 , 606 ) 
( 436 , 677 ) 

( 45 , 328 , 528 , 
609 ) • 

( 99 , 524 ) 

( 99 ) 

( 96 ) 

( 2i# ) 

( 7 ) 

( 185 ) 

( 578 ) 

( 577 ) 

( 573 ) 

( 556 ) 

( 556 ) 

( 556 ) 

( 587 ) 

( 456 ) 

( 148 ) 

( 148 ) 

( 26 ) 

( 436 ) 

( 436 ) 

( 808 ) 

( 213 ) 

( 190 ) 

( 436 ) 

( 446 ) 

( 481 ) 

( 160 ) 

( 190 ) 

( 487 , 882 , 638 ) 
( 436 ) 

( 26 ) 

( 288 ) 

( 212 ) 
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<£-Table.— The <£- Arrangement— ^Continued) 


Electrolyte 


Formula 


CiHiOj 


C^HsOjSj 

CvHgOiSj 

C 

C*H,0 4 

C*H.D 4 

C k H.0 4 

c^h«o 4 


c»h,o 4 

c 4 h»o 4 s 

CiHiOiS 

CjHtOiS 

C»BU0 4 8j 

CJ3UO* 

CjHjO«S 

c^os 

c.h,o 7 

C*HsOt 

C$H«C>7 

CJI.O. 

C*H*BrO* 

C*H,C10, 

GiHJOt 

C»H,NO, 

C*H*NOi 

CiH.NO, 

C.H»N0 4 

c,h,no 4 

c*h,no 4 

CaH.oO, 

C»HioOt 

CsHioOi 


C»H ioOi 


C*HioOi 

CiHijOi 

CsHioOi 

CiHioOs 

ChHioOj 

CjHioOj 

CiHuOi 

CjHjoOj 

CiHioOa 

CaHioOj 


Name 



Levulinic acid 


Ethyl-aA-dithiocarbonglycolic acid 
Ethyl-0A-dithiocarbonglycolic acid 
Dimethylmalonic acid 


Ethylmalonic acid 


Glutaric acid 


Dimethyl malonate. . 
Monoethyl malonate 
Pyrotartaric acid 


Monomethyl succinate 

Ethyl-/Mhiocarbonglycolic acid. . 

Thioglycolhydracrylic acid 

a-Thiolactylglycolic acid 

Methylenebisthioglycolic acid 

Monomethyl tartrate 

a, a -Methylethylsulfonedicar- 

boxylic acid 

0, /?'-Methylethyleulfonedicar- 

boxylic acid 

mcso-Trihydroxy glutaric acid. . . . 

^Trihydroxyglutaric acid 

dJ-Trihydroxyglutaric acid 

Leuconic acid 

6- Bromovaleric acid 

5-Chloro valeric acid 

Modo valeric acid 

a-Oximino valeric acid 

7- Oximinovaleric acid 

a-Oximinoiso valeric acid 

d-Aminoglutaric acid 

dZ-Aminoglutaric aoid 

Ethyl a-nitropropionate 


Methylethylacetic acid 
Trimethylacetic acid. . 
Valeric acid, 


Isovaleric acid 


a-Ethoxypropionic acid 

0-Ethoxypropionic acid 

Hydroxytrimethyiacetic acid. . 

cr-Hydroxyvaleric acid 

7-Hydroxyvaleric acid 

7-Methoxybutyric acid 

a-Methoxyisobutyric acid 

n^Propoxyacetic acid 

Isopropoxyacetic acid 

Arabinose 


0 

25 

35.5 

0-35 

25 

25 

25 

0-65 

25 

0-65 

25 

25 

25 

25 

17-65* 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

0 

25 

25 

25 

25 

10-40 

25 

0-65 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 


o Range 


0.03-0.002 
0.03-0.001 

0.03-0.002 

0.12-0.0005 


0.03-0 

0.06-0 

0.03-0 

0 . 12-0 

0.03-0 

0 . 12-0 

0.06-0 


002 

001 

001 

0005 

001 

0005 

001 


0.016-0.008 

0.12-0.004 

0.03-0.0005 

0.12-0.0005 

0.05-0.0016 

0.06-0.002 

0.06-0.001 

0.06-0.001 

0.06-0.002 

0.03-0.001 

0.06-0.001 

0.06-0.001 
0 . 02 - 0.01 
0 . 02 - 0.01 
0 . 02 - 0.01 
0 02-0.0006 
0.015 
0.03-0.001 
0.015 
0.06-0.001 
0.03-0.001 
0.06-0.004 
0.03-0.001 
0.03-0.001 
0.03-0.007 
0.03-0.007 
0 . 12 - 0.001 
0.03-0.001 
0.06-0.001 

0.25-0.001 

0.25-0.001 

0.12-0.0005 

(?) 

(?) 

0.03-0.001 

0.016-0.002 

0.03-0.0009 

(?) 

(?) 

(?) 

(?) 

0.5 


254 

378 

437 


378 

378 

382 

382 

380 

(?) 

380 

380 


378 

380 
383 
383 

381 
378 

382 

382 

378 

378 

378 

(?) 

381 

381 

381 

382 

382 
378 
378 
378 
246 

383 
381 
381 
381 


381 


(?) 

(?) 

380 

381 
381 

(?) 

(?) 

(?) 

(?) 

(?) 


fc(or A«) 

2.2 X 10“» 
2.25 X 10-* 
2.50 X 10-» 
2.25 X 10-‘ 


2.1 2 X 10-* 

6.49 X 10-* 

7.5 X IO" 4 

1 . 23 X 10-* 
4.67 X 10-» 

Ao.oh = 0.52 

4.50 X 10“ 4 

8.5 X lO" 1 


3.25 X 10 _# 
4.91 X ID" 4 

2.5 X IO' 4 

4.7 X lO" 4 

4.6 X 10- 4 

4.5 X lO' 4 

1.2 X 10-* 

5.0 X lO” 1 

6.6 X 10“ 4 
1.30 X 10' , (9 

6.8 X 10“ 4 
A$.o» = 51.6 

1.9 X lO" 1 

2.01 X 10“ 4 

1.7 X lO" 4 

6.4 X 10“ 4 

2.3 X 10" 1 

1 . 14 X 10-» 
Ao.oi m 10.3 
Ao.o» “ 10.2 

6.5 X 10' 7 
4 X IO" 7 

1 . 07 X 10- § 
9.0 X 10- 4 
1.56 X IO' 4 


1.08 X 10 


-i 


2.46 
3.19 
1.37 
1.30 
2.00 
2.11 
1.24 
2.21 
2.03 
Ao.» ' 


X io- 4 
X 10' 4 

X io - 4 

X 10‘ 4 
X io- 4 

x io - 1 

X IO" 4 
X 10 
v in 


1-4 


lit. 

(«7) 

(«•) 

(»1T) 

(•»•. ••*); cf. 

(61, 356, 378) 
(MS) 

(»«) 

(390, 436, 677) 
(536) 

(436, 677) 

(536) 

(86, 436, 634, 
636.3, 161) 
(313) 

(563) 

(96, 4|6, 661, 

*”); cf. (« 7 *) 

(45, 46, 636, 
609) 

(100, 663) 

(386) 

(367) 

(367) 

(360) 

(577) 


(387) 

(367) 

(493) 

(493) 

(493) 

(137) 

(344) 

(344) 

(344) 

(344, 391) 
(344) 

(366) 

(44, 677) 
(5T0, 877) 
(343, 498) 
(343, 496) 

(53, 556, 679) 
(466) 

(53, 163, 300, 
436) 

(36, 393) 

(53, 163, 300, 
658) 

(610, 611) 
(438) 

(438) 

(386) 

(373) 

(383) 

(438) 

(436) 

(436) 

(436) 

( T «) 
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Electrolyte 


Formula 


C»HioOk 

CfrHiiN 

C$HnNO.(+HiO) 

C*Hi,ClN 

CftHisOiS 

CiHuO« 

CiHuN 

C*Hi,N 

C4H1.NO 

CiHuN, 

C4H14N, 

CeHCliOi-HiO 

C «H 1 B rCl jO 1 . 3 H |0 

CeHtBrjO. 

CbHiCIjO. 

C4H1CI4O4 

C«HsNtOi 

C.H«N 4 0 $ 

C.H,N40. 

0«HiO« 

CeHjBr.NiO 

CeHiCltNOi 

C.HsCLO 

CiHsClaO. 

C$H,N, 0 7 



0- Range 


1 


C$H,N,0. 

C$H 4 Br*N a O 

Q»H 4 B r .NOiS 

CJUfriNOiS 

CeH 4 BriNO»S 

C«H 4 C 1 N 0 . 

C 4 H 4 C1,0 

C.H4FeN. 

CoH.NfOiS 

C.H 4 N t O. 

C.H 4 N,0. 

CtHiN/). 

C4H4N1O4 

CoHiNtO. 

C.H«NtOi 

C4H4N/), 

Cja 4 N,0. 


Xylose — 
Piperidine 


Trimethylaminoacetic acid (beta- 

• ine) 

Chloroamy lamine 

Dimethyl-a-propionyl thetin 

Pentaerythritol 

Ipoamylamine 

Methyldiethylamine 

Vinyltrimethylammonium hydrox- 
ide 

|3-Methyltetramethylenediami:ic . . 

Pentamethylenedi&mipe 

Trichlorotetraketohexamethylene 

hydrate 

' Trichlorobromotriket ohexameth- 

ylene trihydrate 

Bromoanilic acid 

Chloroanilic acid 

Tetrachlorodiketopentamethylene- 

hydroxycarboxylic acid.’ 

Nitroanilic acid 

Dinitrobydroxyphenylenefurazone 

1, 2-Dinitroso-3, 5-dinitrobenzene . 

Rhodizonic acid 

2, 4, 6-Tribromobenzenediazonium 

hydroxide 

4-Nitro-2, 6-dichlorophenol 

2, 4, 6-Trichlorophenol 

Trichlorodiketopentamethylene- 

hydroxycarboxylic acid 

2, 4, 6-Trinitrophenol 


2, 4, O^Trinitroresorcinol 

2, 4-Dibromobenzenediazonium 

hydroxide 

4, 5, 6-Tribromoaniline-2-eulfonic 
acid 

2, 4, 6-TribromoaniHne-3-eulfonic 

acid 

2, 5, 6-Tribromoaniline-3*sulfonic 
acic} 

4-Nitro-2-chlorophenol 

2, 4-Dichlorophenol 

Ferrocyanifc acid 

Diazobenzene-p-sulfonic acid.. . . . 

2, 3-Dinitrophenol 

2, 4-Dinitrophenol 

2, 5-Dinitrophenol 

2, 6-Dinitrophenol 

3, 4-Dinitrophenol , 

3, 5-Dinitrophenol 

‘2, 6-Dinitrohydroquinol 

3, 5-Dinitropyrocatechol 



25 

0 

25 

25 

25 

25 



5 
25 

25 

25 

25 

25 


[25] 

25 

25 

25 

25 

0 

25 

25 

25 

25 


25 

0 

25 

25 

25 

25 

25 

25 

0 

25 

26 

25 

25 

25 

25 

25 

25 


0.5 
0.12-0.004 
0.06 

0.06-0.004 

0.05-0.01 

0.06-0.002 

0.5-0.03 

0.25-0.001 

0.12-0.004 

0.06-0 004 

0.016-0.004 

0.06-0.004 

0.016-0.001 

0.008-0.002 
0 . 008-0 .0002 
0.008-0.0001 


0.04 

0.03-0.001 
0.016-0.002 
0.0005-0. 0002 
0 . 12 - 0.0001 

0.001-0.0005, 

O.OO 3 -O.OO 0 / 

0.004-0.001 

0.03-0.001 

0.05-0.0005 


0-90 0.05-0.0005 


0.01-0.0013 

0.004-0.002 

0.005-0.0006 

0.009-0.001 

0.009-0.001 

0.003-0.0007 

0.016-0.004 

0.12-0.00006 

0.016 

0.004-0.001 

0.004-0.001 

0.004-0.001 

0.004-0.001 

0.004-0.001 

0.01-0.0025 

0.005-<ro006 

0.004-0.002 


Ao 

k( or A,) 

Lit. 

(?) 


( 7 >) 

234 

1.25 X 10-* 

(>°«) 

(***) 

i 

(?) 

Ao.04 ■ 1.75 

(i.^ 

134 

3.2 X 1(T 4 

(*«*) 

(?) 


(•*») 

(?) 

Ao.oe = 1.71 

(«) 

232 

4.0 X 10’ 4 

(104);^. (4**) 

234 

2.2 X 10" 4 

• 

(104) 

241 

Aq.oo 216 

(433) 

228 

4.4 X 10- 4 

(104) 

228 

Q.O X 10" 4 

| 

(104, 430) 

380 

Ao.ou 1=3 337 

(**4) 

( ?i 

Ao.008 = 3.3 

(233) 

(?' 

Ao 00 $ = 215 

(400);^. (100) 

(?) 

A 0.008 = 205 

(406); c/ . (106, 
224) 

(?) 

A 0.04 = 415 

(224) 

(?) 

(Ao.oi = 679] 

(224) 

(?) 

Ao.oi '• = 341 

<<»*) 

383 

% 

1.07 X 10- 4 

(4J8) 

(?) 

A 0.016 = 106 

(127) 

132 

(1.4 X 10-*] 

(i« );c/. («») 

378 

2.0 X 10" 4 

(26) 

382 

[1 X 10“®] 

(226);^. (220) 

379 

[6 X 10-*] 

(224, f 78) 

384.5 

■. A 0.016 = 355 

(208, 220.1, 314 

«•*);<*. (2«. 
132, 332, 434, 
480, BOB) 

(162, 208, 209, 
324, 828, SOS, 
864) 

379 

Ao.oi = 354 

(26) 

135 

1 

1 . 35 X 10“ 4 

(168) 

379 

Ao.oo* = 366 

(438) 

379 

Ao. 009 = 352 

(436) 

379 

Ao.oo® = 360 

(438) 

379 

1.8 X 10- 4 

(26) 

380 

2 X 10~ 8 

(226) 

(?) 

Ao.oi = 875 

(432) 

(?) 

Ao.oi# = 1.6 

(203) 

380 

1.3 X 10-* 

( ,7 *);tf. (*•) 

380 

9.6 X 10-» 

(* 7 »); of. (28, 
432) 

380 

6.8 X 10"* 

(* 7, );c/. (26) 

380 

2.6 X 10“ 4 

(* 7 *) ;«/.(*•) 

380 

4.2 X 10-* 

( J7 »);tf.(* •) 

380 

2.0 X 10~ 7 

(378) 

378 

7.0 X 10" 4 

(26) 

378 

A 0.004 =55.0 

(66) 
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Electrolyte 


Formula 


C«H 4 O a 

C*H 4 0*S 

c*h 4 o 4 

c,h 4 o* 

C 6 HsAsCl a 0 4 

C»H k BrNiO 

CeHjBriNOjS 

C c HsBr,NO,S 

CsH 6 BnNOaS 

C e HsBr,NO,S 

C«H 5 C10 

CeH.CIO 

CeH»CljNO»S 

C*H 6 CL0 4 

C»HsNO, 

C»H»NO, 

CjHjNOa 

CeH k NOt 

C«H 6 NO, 

C.H*NO, 

C»H*NO, 



C.H*NO 


C*HiNO 


C.H*NO, 

C*H*NO«S 

C*H,N0 4 

c.h*no 4 

c 4 h 4 no 4 

CiHiNO^ 

C 4 H 4 NOiS 

C*H*N»0» 

C*H»N.O» 


Quinone 

af-Thienylglyoxylic acid 

Comanic acid 

Cornenic acid 

Dichloropfhenolarsonic acid 

p-Bromobenzenediazonium hy- 
droxide 

4, 5-Dibromoaniline-2-sulfonic acid 
4, 6-Dibromoaniline-2-sulfonic acid 
4, 6-Dibromoaniline-3-sulfonic acid 
2, 6-Dibromoaniline-4-sulfonic acid 

o-Chlorophenol 

p-Chlorophenol 

Dichloroaniline-3-sulfonic acid. . . 
Trichloro-/2-pentenedihydroxy car- 
boxylic acid 

p-Nitrosophenol 


Pyridine-2-carboxyIic acid 
PyTidine-3-carboxylic acid 
Pyridino-4-carboxylic acid 

Comanamic acid 

a-Hydroxynicotinic acid. . 
o-Nitrophenol 


(T-Table. — The <£- Arrangement. — ( Continued ) 


c- Range 

0.03 
0.03-0.001 
0.008-0.002 
0.004-0.003 
0.016-0.001 

0.008-0.001 
0.004-0 .0009 
0.009-0.001 
0.014-0 0009 
0.016-0.0005 
0 . 025-0 . 003 
0.016-0.002 
0.008-0.0005 

0.016-0.002 

0.008-0.001 

0.016-0.001 

0.008-0.001 

0.008-0.001 

0.016-0.004 

0.008-0.001 

0.008-0.001 

(?) 

0.01-0.0005 


ra-Nitrophenol 


p-Nitrophenol 


2-(o)-Pyrrylglyoxylic acid 

Thienyl-syn-ketoximecarboxylio 

acid 

Comenamic acid 

2-Nitrore8orcinol 

4-NitroresorciDol : 

2-Methylthiazole-4, 5-di carboxylic 

acid 

m-Nitrobedzenesul/onic acid 

p-Nitrobenzerediazonium hydiox- 

ide 

2- Amino-4, 6-dinitrophenol 


25 

25 

25 

25 

25 

0 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

0 

18 

25 


35 

0.008-0.002 

10 

0.033-0.016 

15 

0;. 033-0. 016 

25 

0.033-0.001 

40 

0.033-0.016 

50 

0.033-0.016 

0 

0.03-0.002 

10 

0.04-0.008 

15 

0.04-0.008 

18 

(7) 

25 

0.03-0.002 

35 

0.03-0.004 

40 

0.04-0.008 

50 

0 . 04-0 . 008 

25 

0.016-0.001 

25 

0 016-0.001 

25 

0.002-0.0005 

25 

0.003-0.0008 

25 

0.008-0.001 

25 

0 01-0 .0025 

25 

0.03-0.001 

0-65 

0.03-0.0005 

0 

0.016-0.002 

25 

0.002-0 0005 

0-65 

0.002-0 0005 


(?) 

383 

381 

381 
374 

137 

379 

379 

379 

380 

382 

382 
379 

378 

381 

383 
383 
383 

381 
383 
246 

(?) 

382 


437 

297 

325 

382 

465 

516 

246 

297 

325 

(?) 

382 


437 

465 

516 

383 

378 
380 
>79 

379 

382 

(?) 


k (or A«) 

lit 

Ao.oi =* 0.03 

(140) 

7.5 X 10-* 

(*44) 

2.7 X IO"* 

(446) 

2 X IO" 3 

(444) 

5.5 X 10~ 4 

(»«) 

1.48 X 10~ 4 

(144) 

Ao.oo 4 — 360 

(102, 4*0) 

Ao.009 =* 360 

(102, 4^4) 

Ao ou = 279 

(4*6) 

Ao.oie = 352 

(102) 

(3.6 X 10-»] 

(20) 

[2 X 10-»] 

(*») 

1.4X10-» 

(102, 140) 


8.5 X 10-» 
7 X 10“ 7 
3 X IO' 7 
5 X 10~* 
1.84 X 10“* 
1.07 X IO" 1 
2.65 X 10*« 
5 X 10“« 

5.6 X 10' 1 
5.6 X 10-* 
5.6 X 10-* 

6 .5 X 10-* 

7.2 X 10"* 

8.0 X 10-» 

3.3 X 10-» 
3.9 X 10"» 

5.3 X 10”* 

7.6 X 10“» 

9.4 X 10- # 

4.5 X 10"' 
4.5 X 10”* 
5.2 X 10“* 

5.8 X 10’-* 

6.9 X 10“* 


9 X IO"* 

1.02 X 10' T 
1 26 X 10- T 
[9.5 X 10' J 

4.95 X 10-* 

2.4 X IO' 4 

1.3 X 10"‘ 

1.1 X io-* 

6.5 X 10'* 
Ao.oi ** 348 


139 

377 


[8 X 10-*1 
4.8 X 10-* 


(«*, «**) 
(.. 7 ) 

( 180 ) 

( 488 ) 

( 488 ) 

( 488 ) 

( 448 ) 

( 488 ) 

( 288 ) 

( 173 ) 

(**«); 

201 ) 

(* 78 ); ^.( 88 , 
201 ) 

(*“); </.(*•' 
201 ) 

( 286 ) 

( 867 ) 

( 367 ) 

( 367 ); ^.( 16 , 

201 , 276 ) 
( 367 ) 

( 367 ) 

( 226 ) 

( 363 ) 

( 363 ) 

( 173 ) 

( 326 , 176 , 363 ); 

Cf. (*•• 

234 > 

r «) 

( 363 ) 

( 7 ) 

(* 4 «) 

(“«) 

(*») 

(*«, 44 ) 

(«) 

(4*4) 

( 144 ) 

( 4 * 4 ) 

( 4 * 4 ) 
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<£-Table. — The <£ -Arrangement — (Continued) 


Electrolyte 


Formula 


CiHtAsNO« 

CiHiAsNOi 

C*HiAaNO» 

CeHiAsNOc 

CABrNOtS 

CABrNOaS 

C«H«BrNOa8 

CeH«ClNOiS 

CAINOsS 

CeHJNO*S 

CtHJNO»S 

C|HJNO»S 

CAINOaS 

CtHJNOaS 

CftHJNO*S 

CANrf) 

CANA 

CeHeNjOi 

CANA 

CANA 

CANA 


CANA 

CANA 

cana 

C«H«N,OiS 

CiH.NiOiS 

CAN«0 

G«H«N«0| 

CANA 

CAO 


CAO» 

CAO k 

CiHfOi 


CeHfO^ 


CAO, 

C*H«0* 

CiH«Oi 

CiHtOaS 

C4H4O4 

C.HAS 
C •HA 


Name 


o-Nitrophenylarsonic acid. ....... 

m-Nitrophenylaraonic acid 

p-Nitrophenylarsonic acid 

3- Nitro-4-hydroxyphenylarsonic 

acid 

2-Brombaniline-5-sulfonic acid. . . . 

4- Bromoamline-2-sulfonic acid. . . . 
4-Bromoaniline-3-sulfonic acid. . . . 
4-Amino-2-chlorophenolsulfonic 

acid 

4- Iodoaniline-2-sulfonic acid 

5- Iodoaniline-2-sulfonic acid 

0-Iodoaniline-2-sulfonic acid 

4- Iodoaniline-3-fiulfonic acid 

5- Iodoaniline-3-8ulfonic acid 

6- Iodoaniline-3-sulfonic acid 

2- Iodoaniline-4-sulfonic acid 

3- Iodoanilme-4-8ulfonic acid 

Benzeriediazonium hydroxide 

o-Quinonedioxime 

p-Quinonedioxime 

0 - Diazophenol 

p- Diazophenol 

Phenylnitroamine 


Phenylnitrosohydroxylamine 

2- Amino-4-nitrophenol 

Dimethylalloxan 

Benzenes ulfonitroamide 

3- Nit roaniline-6-flulfonic acid 

6-Methyl-2, 3-triazo-4-hydroxy-7, 

O'^pyridazine 

N-Dicyanodiauccinamide 

of-Methyluric acid 

Phenol 


Hydroquinol 

Pyrocatechol 


Resorcinol 


Benzenesulfimc acid 

1, 2, 4-Trihydroxybenzene 

Phloroglucinol 

Pyrogallol 

Benzenesulfonic acid . . - 

«Vm.-Methyltrimethenyldicarboxy- 

lie acid 

Phenolaulfonic acid 

Aconitic acid 


t, °c 

0 - Range 

Ao 

k(or A e ) 

Lit. 

25 

0.016-0.001 

373 

3.5 X 10" 4 

(185, SIS) 

25 

0.016-0.001 

373 

1.32 X 10"* 

(J.«) 

25 

0.016-0.001 

374 

1.37 X 10“* 

(35S) 

25 

0.016-0.001 

373 

8.1 X 10” 4 

(««) 

25 

0.014-0.0009 

380 

1 x 10- 1 

(102, 430) 

26 

0.016-0.001 

380 

1.6 X 10~ 3 

(438) 

25 

0.016-0.001 

380 

7.1 X 10" 4 

(102, 438) 

25 • 

0.008-0.001 

378 

8.05 X 10"* 

(185) 

25 

0.008-0.001 

380 

Ao.ooe = 289 . 6 

(102) 

25 

0.008-0.001 

380 

A 0 .OO 8 = 309.5 

(102) 

25 

0.016-0.001 

380 

A 0 . 01 6 = 340 

(102) 

25 

0.016-0.001 

380 

7.0 X 10- 4 

(102) 

25 

0.016-0.001 

380 

2.0 X lO" 3 

(102) 

25 

0.016-0.008 

380 

Ao.iifl = 242 

(102) 

25 

0.03-0.001 

380 

Ao.oa = 267 

(102) 

25 

0.004-0.001 

380 

A 0.004 = 228 

(102) 

0 

0.03-0.002 

142 

1.21 => 10-» 

(144) 

25 

0.002-0.001 

380 

1.8 X 10- 7 

(238) 

25 

0.00125 

(?) 

Ao . 00116 =0.25 

(180) 

25 

0.03-0.016 

(?) 

Ao.oa =0.9 

(238) 

25 

0.03-0.016 

(?) 

Ao 03 = 1.4 

(236) 

1 

0.02-0.001 

250 

1.2 X 10" 6 

(171) 

10 

0.002-0.001 

298 

1.5 X 10"* 

(171) 

18 

0.02-0.001 

340 

1.7 X 10~ 6 

(171) 

25 

0.008-0.001 

378 

2.2 X 10” 6 

(217); c/ . (31) 

0 

0.008-0.002 

246 

4 X 10-* 

(227) 

25 

0.005-0.0012 

379 

2.5 X 10" 7 

(26) 

25 

0.03-0.001 

(?) 

Ao.oa = 8.0 

(557) 

0 

0.025-0.003 

(?) 

A 0.016 = 228 1 

(<\) 

25 

0.016-0.002 

381 

8 X 10-* 

(165) 

25 

0.004-0.001 

379 

1.7 X 10-* 

(114) 

25 

0.006-0.0008 

376 : 

! .3 x 10-*] 

(26) 

(251 

0.00027 

(?) 1 

i 

12 x 10-®] 

(52) 

18 

0.1 

340 

1.3 X 10“ 10 

(589) 

25 

0.12-0.03 

383 

1.06 X 10- 10 

82, 228) 

25 

0.5-0.06 

383 

Ao.oa = 0.013 

(**); Cf. (*•) 

25 

0.12-0.03 

383 

3 . 2 X 10” 10 

(S2, 4*1); 

(28) 

(82, 226);^. 
(26) 

0 

0.12-0.03 

247 

3 X 10" 7 

25 

0.12-0.03 

383 

6 X lO” 7 

(82, 226); 

(26) 

40 

0.03-0.008 

464 

3.5 X 10”* 

(“. * 2 *); Cf- 

(26) 

18 

0.03-0.002 

342 

A 0.01 = 222 

(»•) 

25 

0.03-0.001 

382 

Ao.oa = 242 

(15) 

30 

0.03-0.001 

410 

Ao.oa = 249 

(15) 

25 

0.25 

381 

Ao.ou = 0.32 

(««) 

25 

fr 

0.12-0.008 

381 

Ao o« = 0.06 

( t2 );cf. (2«) 

25 

mm 

1.0-0.005 

381 

Ao.oa = 0.056 

(26, 82, 376) 

25 

0-05 

0.03-0.001 

0.12-0.0005 

(?) 

Ao.oa *= 348 

(434) 

(610, 611) 

25 

0.016-0.001 

382 

5 . 75 X 10”* 

(183) 

0 

mm 

0.06-0.0003 

(?) 

A 0 . 0 # = 173 

(387) 

25 

0-35 

0.04-0.001 

0.04-0.0005 

378 

1.33 X 10”* 

1.54 X lO”* 

(577) 

(682) 

(45, 565) 
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(T-Table. — The <£- Arrangement — (Continued) 


Electrolyte 

t, °C 

c- Range 

A 0 

Formula 

Name 

CsHeOe 

Trimethylene- 1, 1, 2-tricarboxylic 





acid 

25 

0 . 03-0 . 008 

377 

CsHeOeSj 

Benzene-1, 2-disulfonic acid 

25 

0.125-0.0005 

380 

C*H«0«Si 

Benzene-1, 3-disulfonic acid.. 

25 

0.125-0.002 

380 

CsHeOoSs 

Benzene- 1, 4-disulfonic acid 

25 

0.125-0.001 

380 

CoH 4 0 7 S, 

Phenoldisulfonic acid 

0 

0.06-0.0003 

(?) 

CeHftOioSs 

Phenoltrisulfonjc acid 

0 

0.06-0.0003 

(?) 

C # H 7 AsN,Os 

2-Nitro-4-aminophenylarsonic acid 

25 

0.004-0.002 

372 

C 6 H 7 AsN,0 4 

3-Nitro-4-aminophenylarsonic acid 

25 

0.016-0.001 

372 

CJLAsQs 

Phenylareonic acid. 

25 

0.016-0.001 

375 

C 4 H 7 As0 4 

p-Hydroxyphenylarsonic acid. . . . . 

25 

0.016-0.001 

375 

CcHtAsOs 

Resorcinolarsonic acid 

25 

0.016-0.001 

374 

c,h 7 bo, 

Phenylboric acid 

25 

0.125 

(?) 

c,h 7 n 

Aniline 

25 

0.3-0.002 

(?J 

C 4 H 7 N 

a-Picoiine 

25 

0.09-0.003 

237 

C.HtNO^ 

Benzenesulf oneamide 

0 

0.016 

(?) 



25 

0.03-0.001 

(?) 

CJLNOjS 

2, 4-Dimethylthiazole-5-carboxylic 





acid 

25 

0.004-0.0005 

382 

CJLNO, 

Methyl cyanoacetoacetate 

25 

0.016-0 001 

382 

CsHtNOsS 

o-Anilinesulfonic acid 

25 

0.016-0.001 

382 



0-35 

0.03-0.0005 


CJLNOaS 

m-Anilinesulfonic acid 

25 

0.016-0.001 

382 



0-65 

0.03-0.0005 


CoHtNOsS 

p-Anilinesulfonic acid 

25 

0.03-0.001 

382 



0-65 

0.05-0.0005 


CoH 7 N0 4 S 

2-Aminophenol-4-8ulfonic acid. . . . 

25 

0.016-0.0005 

379 

cohtnoss 

4-Aminophenol-2-8ulfonic acid .... 

25 

0.004-0.001 

379 

CsHtNsOs 

Dimethyl violuric acid 

25 

0.03-0.002 

378 

CsHtN.Os 

Dimethylnitrobarbituric acid 

24.5 

0.03-0.001 

376 

CsHsAbNOi 

Arsanilic acid 

* 

25 

0.016-0.001 

373 

C 4 HsAbN0 4 

3-Hydroxy-4-aminophenylarsonic 

25 

0.002-0.001 

373 


acid 




CeHsAsiO* 

p-Phenylenediareonic acid 

25 

0016-0.001 

372 

C 4 HsN,0, 

Propyl cyanonitrosoacetate 

25 

0.016-0.001 

379 

CtH.NsO, 

5, 5-Dimethylbarbituric acid 

25 

0.016 

381 

C.H.N,0. 

5-Ethylbarbituric acid 

25 

0.016 

381 

CeHsNjOsS 

o-Phenylenediamine-3-8ulfonic acid 

25 

0.02-0.0007 

378 

C«H«Os 

Dihydro resorcinol 

25 

0.06-0.001 

380 

CtH«Ot 

Sorbic acid 

25 

0.008-0. 001 

382 

C«H|0* 

Hydroxymethylcneacetylacetone. . 

2.0 

0.03-0.004 

257 

CeHsOs 

Pen tic acid 

25 

0.03-0.001 

380 

C«H»0« 

Allylmalonic acid 

25 

0.03-0.001 

382 



0-65 

0.12-0.0005 


CiH 4 0 4 

Act, /3-Dihydromuconic acid 

25 

0.015-0.0001 

380 

C«fl«0« 

A/9, y-Dihydromuconic acid 

25 

0.016-0.001 

380 

c.h,o 4 

Dimethylmaleic acid 

25 

0.016-0.001 

380 

C 4 Hi0 4 

Ethylfumaric acid 

25 

0.03-0.001 

380 

d 4 Ho0 4 

Ethylra&leic acid 

25 

0.03-0.001 

380 

c 4 h»o 4 

Tetramethylene-1, 1-dicarboxylic 





acid 

25 

0.06-0.001 

380 

c 4 h«o 4 

Monoethyl fumarate 

25 

0.05-0.0014 

378 

c*h«o 4 

Monoethyl maleate 

25 

0.02-0.0012 

378 

c 4 h 4 o 4 

<*-Monomethyl meaaconate 

25 

0.03-0.001 

381 

mm mm 

C*Hi0 4 

0-Monomethyl meaaconate 

25 

0.03-0.001 

379 

C»fli0 4 

a-Methyleneglutaric acid 

25 

0.06-0 001 

380 

C*Hi0 4 

cia-0-Methylglutaconic acid 

25 

0.06-0.001 

379 

c 4 h 4 o 4 

tran*-0- Methylglutaconic acid 

25 

0.06-0.001 

379 

C»Hi0 4 

Methylitaconic acid 

25 

0.03-0.001 


c 4 h«o 4 

cia-Tetramethylene-1, 2-dicarbox- 





ylic acid * 

25 

(?) 



k(or A*) 


Lit. 


8.8 X 10” 1 
Ao.os * 341 
Ao.os * 359 
Ao.os = 361 
Ao.oo = 322 
Ao.oo — 470 

8.4 X 10"* 

3.2 X IO' 4 

2.5 X lO' 4 

1.5 X IO" 4 

6.2 X lO"* 
A«.is» = 0 13 
Ao.os *0.17 
[4 X 10-'] 
Ao.ou — 0.17 
Ao.os “ 0.98 

1.15 X IO' 4 

8.2 X lO" 4 
3.25 X lO" 1 


1.82 X 10 


-4 


5.70 X lO" 4 
6.10 X IO" 4 

9.25 X 10-* 
8.15 X lO' 4 
1.55 X 10~» 
Ao.os * 334 
5 7 X lO"* 

7 X 10-* 

2.6 X 10'* 
2.28 X 10-‘ 

7.2 X 10-* 

3.8 X 10-» 

4.8 X 10-» 

5.5 X 10"* 

1.70 X 10'* 

1.7 X lO" 1 

8.6 X 10“ # 
1.51 X 10-* 

[2 X 10' 4 J 

1.00 x io - 4 

1.1X IO" 4 

9.2 X IO” 4 
2.31 X 10'* 


8.17 X 10 


-4 


4.73 X IO' 4 

1.1 X io-* 

3.49 X IO' 4 
5.05 X IO' 4 

6.7 X IO" 4 
1.28 X IO' 4 
1.38 X IO" 4 

9.3 X IO' 4 


6 6X10 


-» 


(*7i) 

(1««) 

(»««) 

(1««) 

(3*7) 

(«7) 

(«*) 

(«•) 

(1*5, 3*5) 

(**.) 

(*»•) 

(538) 

(••*); 

(307) 

( 333 ) 

(504) 

(«») 

(313) 

(103, 4*«) 

(»**) 

(103, 430) 

(53 5, *00) 

(103, 435) 

(•33) 

(535, 805, «*») 
(103, 10») 

(103, !<•) 

(370) 

(378) 

(155, 358) 

( 355 ) 

(358) 

(410) 

(834) 

(834) 

(438) 

(505) 

(4*8) 

(134) 

(580) 

(577) 

(538) 

(834) 

(534); cf. («»*) 
(577) 

(540, 577) 

(577) 

(583); cf. («*« 

5*4) 

(553) 

(853) 

(») 

(») 

(>•*) 

(«•*) 

(»**) 

(55, 170, 577) 
(447) 
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Formula 
C«HiO« 

C|H»0| 
CjHiO* 

CftHiOe 

CeH,Or 


CeHiO? 

CjH»AflN|Oi 

CiHiBrOi 

C«H»BrO« 

CANO 

CANO« 


CeH.NO. 

CANO. 

CiH,N«0> 

C.H.N.O, 


CJIioN*0 
C JIioNjO. 

C.HioOt 

CJIioO. 

C.HioO. 

C*HioO. 

C.HioO. 

C.HioO. 

C^HioO. 

C.HioOj 

C.HioO. 

C.H 10 O. 

CoHiaOi 

CeHicOi 

C.HmO» 


C.HiaO* 

CJiioOj 

CiHijOi 

CeHi.0. 

t 

C.HI 0 O 4 


CJIioO. 


C4H10O4 


CeHioO^ 


iectrolyte_ 

Name 

trorw-Tetramethylene-1, 2-dicar- 

boxylic acid 

J-Acetylmalic acid 

Propenyltricarboxylic acid 

Tricarballylic acid 


Citrio acid 


d-Saccharo lac tonic acid 

o-Phenylenediamineareonic acid . . . 

ct-Ethylbromoauccinic acid 

0 -Ethylbromosuccinic acid 

Methylpyridinium hydroxide 

Ethyl isonitroso ace to acetate 


Monoethyl a-oximinosuccinate. . . 
Monoethyl /3-oximinoeuccinate. . . 

Histidine 

C-Methyl-N-ethyloeotriazolecar- 
boxylic acid 


laovalery lcyanamide 

0 , 0 -Dinitrocaproic acid. . 

Divinylglycol 

а, 0 -Hexenic acid 

0, y-Hexenic acid 

7 , a-Hexenic acid 

б, e-Hexenic acid 

o-Methyl-ot, 0-pen tenic acid 

at- Methyl- 0 , y-pentenic acid 

a-Methyl-y, $-pen tenic acid 

0 -Methyl -ct, 0-pentenic afcid 

0-Methyl-0, y-pentenic acid 

Pentamethylenecarboxylic. acid. . . 

Trimethylacrylic acid 

Ethyl acetoacetate 


y- Acetobutyric acid | 25 

acid 


(uym . -Dimethykuccinic acid 25 


«ym.-ardi-Dimethylfluccinic acid . . 25 


<, °c 

o-Range 

Ao 

k(or A,) 

Lit. 

25 

(?) 

380 

2.8 X 10“/ 

(447) 

25 

0.06-0.001 

378 

2.35 X 10”* 

(2.1) 

25 

0.03-0.001 

378 

2.99 X 10“* 

(.7.) 

25 

0-65 

0.06-0.001 

0.12-0.0005 

378 

2.15 X 10” 4 

(24, 578, 5.2) 

(45, .10, .11) 

25 

0-65 

0.06-0.001 

0.12-0.0005 

378 

8.0 X 10” 4 

(578, 5.2) 

(45, ISO, 108, 

2) 1, 253, 308, 
472, 525, .00) 

25.1 

0.12-0.001 

380 

1.3 X 10“* 

(...) 

25 

0.016-0.001 

372 

2.3 X 10”* 

(...) 

25 

0.03-0.002 

381 

4 . 1 X 10"» 

(577) 

25 

0.03-0.002 

381 

5.2 X 10”* 

(577) 

?5 

0.03-0.004 

(?) 

A©, ok = 213 

(241) 

0 

0.06-0.016 

247 

4 . 1 X 10”* 

(411) 

18 

0.06-0.016 

350 

7.3 X 10”® 

(411) 

25 

0.06-0.016 

388 

8.7 X 10”* 

(411, 40.) 

35 

0.06-0.016 

447 

1.1 x io~ 7 

(411) 

40 

0.06-0.016 

476 

1.2 X 10” 7 

(411) 

25 

0.03-0.001 

380 

1.88 X 10” 4 

(.44) 

25 

0.03-0.008 

380 

# 5.2 X 10”* 

(244) 

25 

0.03-0.001 

(?) 

A 0.01 =“3.7 

(.0.4) 

20 

0-40 

0.004 

0.004 

(?) 

A 0.004 = 77.9 

(42.) 

(42.) 

25 

0.02-0.0007 

376 

1.36 X 10” 4 

(2.) 

25 

0.008-0 0005 

376 

0.84 X 10” 4 

(4.5) 

25 

0.75-0.5 

(?) 

A 0.1 = 0.024 

(85) 

25 

0.06-0.001 

380 

1.88 X 1(T* 

(1.0) 

25 

0.06-0.001 

380 

2.63 X 10”* 

(i»o )-,cJ. («•) 

25 

0.06-0.001 


1.73 X 1(T» 

(1.0) 

25 

0.06-0.001 

380 

1.90 X HT* 

(1.0) 

25 

0.06-0.008 

380 

1.05 X 10”* 

(1.0, 4.8) 

25 

0.06-0.001 

380 

2.99 X 10”* 

(1.0) 

25 

0.06-0.001 


2.15 X 10”» 

(1.0) 

25 

0.03-0.001 

380 

7.5 X 10”* 

( ,, . T ) 

25 

0.06-0.001 

380 

3.0 X 10”* 

(187) 

25 

0.05-0.0012 

378 

1.20 X 10”* 

(525.2, 835) 

25 

0.000-0.0005 

379 

3.8 X 10”* 

(580) 

1 

0.06-0.001 

247 

1.6 X 10“* 

(4.1) 

25 

0.06-0.001 

383 

4.4 X HT* 

(431); cf. (21., 

58.) 

35 

0.06-0.001 

441 

5.3 X HT* 

(4.1) 

25 

0.06-0.0005 

379 

2.16 X 10”* 

(.0.) 

25 

(?) 

(?) 

3.03 X 10”* 

(81) 

25 

1.0-0.016 

378 

3.4 X 10”* 

(**) 

25 

0.03-0.001 

378 

3.63 X HT* 

3 . 25 X 10”* 

(1.8, 438, 5.4, 
585) 

(88) 

25 

0.03-0.0005 

379 

7.8 X 10”* 

8.2 X 10”* 

.77) 

(581) 

25 

0.03-0.001 

379 

1.36 X 10" 4 

1.20 X 10” 4 

1.28 X 10” 4 

(1»») 

(.5, 577, «.l) 
( ,4 ); Cj. (881) 

25 

0.03-0.0006 

379 

2.04 >T10“ 4 

1.87 X 10” 4 

(*•> •»•); Cf. 
(8.1) 

(84, 88, 451, 877, 
8.1) 

(48, 877) 

25 

0.03-0.001 

379 

8.3 X 10”* 

25 

0.09-0,0007 


1.61 X 10”» 

(48, 877) 
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Formula 


C#H i oO 4 
CeHjoO# 
C«Hi 0 O« 

CJTioOi 

CftHioO* 

C^H ioO 4 
CftHio0 4 

C«H J0O4 

C$H 10O4S 

c«h 10 o 4 s 

CftH| 0 O 4 S 

C*H 10O4S 
C#H io 0 4 Sj 
C 4 H 10 O 4 S a 
C«Hi#0 4 Sj 
CeH 10 O 4 S, 
C«H i 0 O 4 Se 

C«H 10 O4Se 

C JlioOft 

C 4 HioO* 

C«H ioOiS 

CeHioOeS 

CaHioOiSi 

C 4 H l0 O, 

C»H ioO® 

C 4 H io O«S, 

CtHnNOi 

C 6 H„NO, 

CeH„N 0 4 

CeH„N 0 4 

c.h„no 4 

G«HiiN.O« 

C'HhOtP 

CiHuHgjOb 

C 4 HuN 4 

C«H|jO a 

CiHuOi 

C»H ia O a 

CeHitOa 

C 4 Hi*Ot 

C.H ia O a 

CeH ia O a 

C 4 H ia Oj 

C«H la Oi 

C 4 HuO« 

C«HitOj 

CJInOi 

CiHiiO) 

C«H ia Oi 

C*H, a O» 


(T-Table. — The (T- Arrangement. — ( Continued ) 


Electrolyte 


Name 


Methylethylmalonic acid.— (Coni' d) 0-65 0.12-0.0005 

a-Methylglutaric acid 25 0.03-0.001 

/3-Methylglutaric acid 25 0.03-0.001 

Propylmalonic acid 25 0.00-0.001 

Isopropylmalonio acid 25 0.07-0.001 

0-65 0.03-0.0005 

Monomethyl pyrotartaric acid 25 0.05-0.006 

Monoethyl succinate 25 0.05-0.002 

Monoethyl isosuccinate 25 0.06-0.002 



A:(or A c ) 


0.03-0.0005 

0.05-0.006 

0.05-0.002 

0.06-0.002 


a-Thiod dactylic acid (a- modifica- 
tion) 

a-Thiod dactylic acid (/3-modifica- 
tion) 

0-Thiod dactylic acid I 

Thio-a-lactylhydracrylic acid. 

a-Dithiodilactylic acid I 

d-Dithiodilactylic acid 

Ethylenethioglycolic acid 

ar-Trithiodilactylic acid 

Selenodilactylic acid (a acid, M. F., 

145°) 

Selenodilactylic acid (b acid, M. P. 

109°) 

Saccharic acid anhydride 

Isosaccharic acid anhydride 

a, a'-Diethylsulfonedicarboxylic 

acid 

/3, /3'-Diethylaulfonedicarboxylic 

acid 

Ethylenesulfoxyacetic acid 

Mucic acid 

d-Saccharic acid 

Ethylenesulfoneacetic acid 

cr-Oximinoisohexoic acid 

o-Oximino-n-hexoic acid 

3-Monoethyl aminosuccinate 

Ethylaininosuccinic acid 

Nitroeaproic acid 

Ethyl 4-methyl-l, 2-dihydroxv-l, 

2, 5-triazole-3-carboxylate 

Mannide phosphoric acid 

Trimercurydiacetone hydroxide. . . 

Hexamethylenetetramine 

Iaobutylacetic acid 

Caproic acid 

Isocaproic acid 

Cyclohexane-1, 2-diol (M. P. 99°). 
Cyclohexane- 1, 2-diol (M. P. 104°) 
Diethylacetic acid. 

Dimethylethylacetic acid 

Isobutoxyacetic acid 

n-Butoxyacetic acid 

y-Ethoxybutyric acid 

a- Hydroxy- a, 3, 3-trimethylpro- 

pionic acid 

3-Hydroxy-a, 3, /3-trimethyl pro- 
pionic acid 

5-Methoxyvaleric acid 

Paracetaldehyde 

Trimethylethylenelactic acid 

Rhamnose 


25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25.2 

25 

25 

25 

25 

25 

25 

18 

25 

18 

(181 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

(251 

25 

25 

15 

25 

25 


0.06-0.001 

0.06-0.001 
0.06-0.001 
0.06-0.001 
0.06-0.001 
0.004-0 001 
0.06-0 001 
0.06-0.001 

0 . 02-0 . 0007 

0.02-0.0007 

0.03-0.008 

0.03-0.008 

0.06-0.001 

0.008-0.001 
0.03-0.001 
0.016-0.001 
0.12-0 001 
0.016-0 001 
0.06-0.004 
0.03-0.008 
0.013-0 0008 
0.03-0.001 
0.016-0.0005 

0.04-0.008 

0.125-0.002 

0.004-0.002 

0.5-0.03 

0.03-0.001 

0.04-0.001 

0.04-0.002 
1 . 0 - 0. 5 
1 . 0 - 0. 5 
6 03-0.0008 

0.03-0.001 

(?) 

(?) 

(?/ 

(?) 

0.05-0.0016 

(?) 

0.5-0.016 

0.03-0.001 

0.5 


378 

378 

382 

382 

377 
376 
376 

382 

382 

382 

382 

382 

382 

382 

382 

376 

376 
382 

382 

383 

383 

380 

378 
380 

380 

377 

377 
478 
018 

378 

342 

381 

(?) 

199 

378 

379 

379 

(?) 

(?) 

379 

379 

(?) 

(?) 

(?) 

(?) 

377 

(?) 

(?) 

377 

(?) 


5.2 X 10" 5 

5.9 X 10"* 

1 09 X 10"* 
1.24 X 10"* 

3.85 X 10"* 

3.01 X 10"* 
3.85 X 10" 4 

4.9 X 10- 4 

4.3 X 10" 4 

7.7 X 10"* 

2.1 X 10" 4 

8.9 X 10" 4 

8.9 X 10"* 
4.0 X 10" 4 

7.9 X 10" 4 

4.2 X 10" 4 

3.8 X 10" 4 

1.2 X 10" 4 
1.7 X IQ" 4 


2.3 X 10" 4 

Ao.OJ = 1^1 

6.1 X 10" 4 

1.0 X io-* 

Ao.ois = 2*33 

5.5 X 10" 4 

6.5 X 10" 4 
6.7 X 10" 4 

3.39 X 10" 4 

1.20 X 10" 4 

• 

’fix 10 -* 

Ag. ns = 208 

A 0.001 = 0.02 

1.5 X 10-» 
1.47 X 10-* 

1.40 X 10 _ * 

1.45 X 10"* 
A 1.0 — 0.012 
A,., =* 0 004 
1 98 X 10-‘ 
1.85 X 10-‘ 

I 9 1 X 10"‘ 

' 14 X 10-* 

■2 19 X 10 _< 

; 2 (X) X i0“* 

1 . 13 X 10 -4 

3 4 X lO - * 

1 91 X 10*‘ 
Ao.os =*0.7 
2.1 X 10-* 
Ao.o “ 0.10 


(•*«) 

( 49 , 391 , 577 ) 
( 525 . 2 , 577 ) 
( 49 , 390 , ST1) 
( 49 , 390 , 577 ) 
( 526 ) 

( 100 ) 

( 582 ) 

( 582 ) 

( 357 ) 

( 357 ) 

( 357 ) 

( 357 ) 

( 357 ) 

( 357 ) 

( 552 ) 

( 357 ) 

( 134 ) 

( 134 ) 

( 569 ) 

( 569 ) 


1.01 X 10-* ( 357 , 359 ) 


1 ( 357 ) 

( 552 ) 

[ ( 37 ‘) 

( 398 ); cf. (<3») 
( 582 ) 

( 265 ) 

( 265 ) 

( 601 .) 

( 371 ) 

( 436 ) 

( 174 ) 

( 120 ) 

(«*) 

( 462 ) 

( 53 , 200 ) 

( 53 , 163 , 200 , 

436 ) 

( 163 ) 

( 74 ) 

( 74 ) 

( 53 , 525 . 2 , 579 ) 
( 200 , 556 ) 

( 53 ) 

( 436 ) 

. («*») 

( 436 ) 

( 446 ) 

( 448 , 550 ) 

I («»»> 

( 554 ) 

( 550 ) 

<«) 
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C-Table.— The C -Arrangement— (Continued) 


Electrolyte 


Formula 


Name 


CtR„0* 

CcHitOc 

CtHisO* 

c 6 h I2 o* 

C*Hi*0 7 

CiHuOt 

CcHjaOjS 

c 6 h 14 o,s 

C«Hi 4 OjSe 

C«Hi 4 0« 

CeHuOe 

CeHuN 

CeHjftN 

C«HuO«P 

CfHuOFb 

CeHieOS 

CeHuOSn 

C 7 H,Br,0 2 

C 7 H 4 BrC10, 

C 7 H 4 BrC10 3 

C.H.BrNO, 

C 7 H 4 BrN0 4 

C7H 4 BrN0 4 

C7H 4 BrN0 4 

C7H 4 BrN0 4 

C7H 4 Br,Oi 

CrH.BrjOi 

C 7 H 4 C1N0 4 

C7H 4 C1N0 4 

C7H 4 CIN0 4 

C 7 H 4 C1N0 4 

C 7 H 4 C1N0 4 

c 7 h 4 cino 4 

CtH.CINO, 

c 7 h 4 cino 4 

C 7 H 4 C1,Oi 

C 7 H 4 C1iO« 

c 7 h 4 ci,o 4 

CiH«C1iO« 

C7H 4 FN0 4 

c 7 h 4 n 2 o. 

C 7 H4N a 0 4 

C 7 H 4 N 2 0. 

CtH.NjO# 

CtH 4 N 2 0. 

C7H 4 N,0 4 


Fructose . 
Galactose 
Glucose . . 


Mannose 

Gluconic acid 

Pinacol 

Diethylthetin 

Ethyldimethylt hetin 
Diethylselenetin. . . . 

d-Mannitol 

Sorbitol 

Dipropylamine 

Triethylamine 


Dipropyl phosphate 

Lead triethyl hydroxide 

Triethylsulfonium hydroxide 

Tin triethyl hydroxide. . 

2, 4, 6-Tribromobenzoic acid 

3-Hydroxy-2-chloro-6-bromoben- 

zoic acid 

3-Hydroxy-6-chloro-2-bromoben- 
zoic acid 

2- Nitro-3-bromobenzoic acid 

3- Nitro-2-bromobenzoic acid 

3-Nitro-4-bromobenzoic acid 

5- Nitro-2-bromobenzoic acid 

6- Nitro-3-bromobenzoic acid 

2, 4-Dibromobenzoic acid 

Dibromogallic acid 

2-Nitro-3-chlorobenzoic acid 

2- Nitro-4-chlorobenzoic acid 

3- Nitro-2-chlorobenzoic acid 

3-Nitro-4-chiorobenzoic acid 

3- Nitro-5-chlorobenzoic acid 

4- Nitro-2-chlorobenzoic acid 

6-Nitro-2-chlorobenzoic acid 

6-Nitro-3-chlorobenzoic acid 

2- Hydroxy-3, 5-dichlorobenzoic 

acid 

3- Hydroxy-2, 6-dichlorobenzoic 

acid 

3, 4-Dihydroxy-2, 5-dichloroben- 
zoic acid 

3, 4-Dihydroxy-5, 6-dichloroben- 

zoic acid 

3-Nitro-4-fluorobenzoic acid 

2, 3-Dinitrobenzoic acid 

2, 4-Dinitrobenzoic acid 


2, 5-Dinitrobenzoic acid 

2, 6-Dinitrobenzoic acid 

3, 4-Dinitrobenzoic acid 


3, 5-Dinitrobenzoic acid 


c 7 h 4 o 4 


Cheiidonic acid 


t, °c 

c- Range 

Ao 

A:(or Ac) 

Lit. 

20 

0.4 

(?) 

Ao. 4 = 0.05 

| (71, 34», 47J) 

25 

1.0 

(?) 

A i.o = 0.035 

K ,,T ) 

20 

0.4-0. 1 

(?) 

Ao. 4 x 0 . 13 

\ (71, 349 , 464 

25 

0.5 

(?) 

Ao* = 0.63 

473) 

( 71 ) 

25 

0.5-0.03 

376 

2.5 X 10-* 

! .' 8 V 

25 

0.25-0.03 

(?) 

Ao. i6 = 0.06 

!( 65 ) * 

25 

0.06-0.004 

(?) 

Ao.ofl = 2.15 

(119) 

25 

0 . 06-0 . 004 

(?) 

Ao.06 = 2.6 

(119) 

25 

0.06-0.002 

(?) 

Ao.oe — 6.3 

(119) 

<2.5 

0.03 

(?) 

Ao.oi — 0.17 

(479) 

25 

2-0.06 

(?) 

Ao. 6 = 0.03 

(63) 

25 

0.12-0.004 

228 

8.2 X 10" 4 

(104) 

25 

0.12-0.004 

231 

5.2 X 10- 4 

(104) 

0-50 

25 

0.06 

0.125-0.001 

381 

Ao.oj = 297 

(251, 433) 

(164) 

25 

0.07-0.01 

(?) 

Ao.07 =3.8 

(509) 

25 

0.06-0 .004 

234 

Ao.06 = 210 

(433) 

25 

0 . 07-0 . 004 

(?) 

Ao.o 7 =0.29 

(509) 

25 

0.008-0.001 

380 

3.8 X 10-’ 

(599) 

25 

0 . 007-0 . 0009 

380 

2.2 xaa- 2 

(13®) 

25 

0.008-0.001 

380 

1.95X10“* 

(135) 

25 

0.001 

377 

3.2 X lO' 3 

(279) 

25 

0 004-0.001 

377 

1.05 X 10' 3 

(279) 

25 

0.0014-0.0007 

377 

4.2 X 10“ 4 

(323) 

25 

0.004-0.001 

377 

8.5 X 10" 3 

(279) 

25 

0.008-0.001 

377 

1.35 X 10" 2 

(279, 436) 

25 

0.0025-0.0006 

380 

2.0 X 10" 3 

(3231 

25 

0.03-0.001 

378 

1.17 X 10" 2 

(436) 

25 

0.002-0.001 

380 

4.0 X 10" 3 

(279) 

25 

0 . 004-0 . 002 

380 

9.0 X 10' 3 

(49) 

25 

0.004-0.001 

380 

8.1 X lO” 3 

(279) 

25 

0 003-0 0006 

380 

4.4 X 10" 4 

(49, 490) 

25 

0 002-0.0003 

380 

7.41 X 10' 4 

(313) 

25 

0 . 03-0 002 

380 

9.9 X 10~ 3 

(49) 

25 

0.01-0.001 

380 

6.0 X 10' 3 

(49, 279) 

25 

0.014-0.001 

380 

1.35 X 10' 2 

(49, 279) 

25 

0.0016-0.0008 

380 

4 . 5 X 10~ 3 

(135) 

25 

0.008-0.001 

380 

2.1 X 10" 2 

(135) 

25 

0.03-0.001 

380 

Ao.oj =49.6 

( 13S ) 

25 

0.016-0.001 ' i 

380 

Ao.oi c = 75.2 

(135) 

25 

(?) 

(?) 

4.33 X 10" 4 

(490) 

25 

0.01-0.0006 

380 

1.3 X lO" 2 

(519) 

40 

25 

0.01-0.0006 

0.01-0.0006 

380 

3.5 X 10" 2 

(518) 

(518) 

0-65 

25 

0.03-0.0005 

0.01-0.0006 

380 

2.4 X 10" 2 

(518, 610, 611) 
(518) 

40 

25 

0.01-0.0006 

0.01-0.0006 

380 

(Ao.oi = 339] 

(518) 

(518) 

40 

25 

0.01-0.0006 

0.01-0.0006 

380 

1.59 X 10-« 

(5 IS) 

(518) 

40 

25 

0.01-0.0006 

0.01-0.0001 

380 

1.55 X 10” 3 

(518) 

( 3,J ); Cf. («», 

0-65 

25 

0.01-0 0005 
0.016-0 0005 

(?) 

Ao.oi e = 455 

518) 

(518, 610, 611) 
(438) 
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d -Table. — The <£ -Arrangement — {Continued) 


Formula 


C 7 H 4 O 7 

CrHsBrO, 

CiHjBrOj 

CrH,BrO, 

CrH.BrO. 

CrH*BrO. 

CjHkBrOs 

C7H 6 Br,NO, 

CtH^CIO, 

QHeClO, 

CtH.CIO, 

CtH^CIO, 

C 7 H»C10, 

CtHsCIO, 

CtHiCIO, 

c 7 h,fo, 

C 7 HsFO, 

C 7 H k FOi 

C7HJO, 

C 7 HJO, 

C 7 HJO, 

C7H.NO 


C7H.NO, 8 


C 7 H.NO. 


C 7 H.NO. 


C 7 H.NO. 

C 7 H.NO. 

C 7 H.NO. 

C 7 H.NO. 

C 7 H.NO. 

C 7 H.NO. 

C 7 H.NO. 


Electrolyte 


Meconic acid 


Name 


o-Bromobenzoic acid 


m-Bromobenzoic acid 


2-Hydroxy-5-bromobenzoic acid.. , 

2, 4-Dihydroxy- ?-bromdbenzoic 
acid 

2, 5- Dihydroxy- ?-bromobenzoic 

acid 

Bromogallic acid 

3, 4-Dibromo-l-methyl-pyrrylgly- 

oxylic acid 

o-Chlorobenzoic acid 

m-Chlorobenzoic acid 


p-Chlorobenzoic acid 


2- Hydroxy-5-chlorobenzoic acid.. 
&-Hydroxy-2-chlorobenzoic acid. . 

3- Hydroxy-b-chlorobenzoic acid. . 

4- Hydroxy-3-chlorobenzoic acid. . 

o-Fluorobenzoic acid 

m-Fluorobenzoic acid 

p-Fluoro ben zoic acid 

o-lodobenzoic add 

m-lodobenzoic acid 


o-Iodo9obenzoic acid 
p- Cyanophenol 


o-Benzoic sulfimide (saccharin). 


o-Nitro benzoic, acid 


m-Nitrobenzoic acid 


p-Nitrobenzoic acid 


Pyridine-2, 

Pyridine-2, 

Pyridine-2, 

Pyridine-2, 

Pyridine-3, 

Pyridine-3, 


3- dicarboxylic acid. . . 

4- dicarboxvlic acid.. . 

5- dicarboxylic acid. . . 

6- dicarboxylic acid . 

4- dicarboxylic acid. . . 

5- dicarboxvlic acid. . . 


(, °C 


25 

0-65 

25 

0-35 

25 

0-35 

25 

25 

25 

25 

25 

25 

0-99 

25 

0-35 

25 

0-35 

25 

25 

25 

25 

25 

25 

25 

25 

25-99 

25 

60-99 

25 

0 

25 

35 

25 

36.5 

10 

15 

20 

25 

30 

0-99 

0 

20 

25 

30 

35 

40 

45 

50 

0-99 

25 

0-65 

25 

25 

25 

25 

25 

25 


c- Range 


0.03-0.0001 
0.03-0.0005 
0.008-0.001 
0.008-0.0005 
0 '. 002 - 0 .001 
0.002-0.005 
0.004-0.0002 

0 . 002 - 0.0002 

0.008-0.0002 

0.016-0.001 

0.004-0.001 

0.016-0.0002 

0.008-0.0005 

0.004-0.001 

0.002-0.0005 

p . 0005 

0.0005 

0.003-0.0008 
0.004-0 001 
0.016-0.001 
0.008-0.001 
0.004-0.001 
0.016-0.001 
0.004-0.001 
0.006-0.0008 
0 . 002 - 0.001 
0 . 0008-0 0004 
0.002-0.0014 
0.004-0.001 
0.03-0.004 
0 . 03-0 . 004 
0.03-0 004 
0.006-0 0016 
0.4-0. 00003 
0 03-0.006 
0.03-0.006 
0.04-0.009 
0.03-0.0002 
0 04-0.01 
0.03-0.0005 

0.01-0.0016 
0 01-0.0016 
0.016-0.001 

0.01-0.0016 
0.01-0.0016 
0.01-0.0016 
0.01-0 0016 
0 01-0.0016 
0 . 008-0 0005 
0.004-0.001 
0.002-0 0005 
0.016-0.001 
0 008-0 . 002 
0.008-0.001 
0.016-0.0005 
0.008-0.001 
0.004-0.0005 


Ao 


(?) 

383 

383 

381 

380 

380 

378 

380 
382.5 

383 

383 

381 
381 
381 

381 

382 
382 
382 
382 

382 

382 

240 

383 
438 
380 

297 

326 

354 

382 

410 


k(or A,) 


244 

353 

381 

410 

438 

464 

487 

510 

381 

381 

381 

381 

381 

381 

381 


1 . 42 X 10-* 

1 . 35 X 10" 4 

2 40 X 10-* 

1 . 03 X 10-* 

3.90 X 10-» 
5.8 X 10-* 


1.28 X in-» 
1.52 X 10-< 

9.1 X 10-‘ 

1.95 X 10-* 
1.3G X 10-» 
1.38 X 10-' 

5.6 X 10-‘ 
3.15 X 10-* 

1.34 X 10-« 

1.35 X 10"* 

1 . 29 X 10-* 

1.6 X 10-* 

6 X lO" 1 
3 X 10-’ 

6 X 10'» 

8 X 10-' 

3.7 X 10-* 

8.2 X 10-» 
7.6 X 10' 1 
7.1 X 10-* 
6.4 X 10-' 
6.9 X lO" 1 


2.76 X 10-‘ 
3.09 X 
3.16 X 10-* 
3.38 X 10-« 
3.16 X 10"* 
3.14 X 10" 4 
3.14 X 10-* 
3.14 X lO" 4 
3.13 X lO" 4 

3.88 X lO -4 

2.95 X lO"’ 
5.8 XslO - ’ 
4.1 X 10-’ 
5.6 X lO" 1 
2.05 X lO' 1 
1 45 X lO'* 


(37«, 4t«) 

(«10, «11) 

(«•) 

(***) 

I (4*«) 

(«*) 

(3‘i) 

(313) 

(*>*) 

(43.) 

( 7 ) 

(312, 43.) 
(SO., .10, .11) 
(43.) 

(SI.) 

(43.) 

(S2S) 

(13.) 

(13.) 

(13.) 

(13.) 

(. 21 ) 

(43., .21) 

(**'); tf ( 4,# ) 

(“) 

(.0.) 

( 4 *) 

1 1 (»««) 

(» 4 ) 

(22.) 

( 22 .) 

( 22 .) 

(2.S) 

(374) 

(« 5 ) 

(42.) 

(42.) 

(312, 42», 43.) 
(42.) 

(172, 2»», M, < 

. 11 ) 

(173) 

(172) 

(172) 

(43.) 

(173) 

(172) 

(172) 

(173) 

(173) 

(209, SOS, **>) 
(43.) 

(S10, .11) 

(43.) 

(436, .56) 

(436) 

(SSS) 

(436) 

(436) 


3.9, 


SOS, 
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C -Table.— The <t - Arrangement.— {Continued) 



Formula 


C 7 H,N06 

CtHjNOs 

Ct!I»NO» 

CrHiNO, 

C 7 H*N,0 7 

C 7 H c BrN0 2 

C 7 HeBrNOi 

C 7 H 6 C1N0: 

C7H0CINO2 

c 7 h«n 2 o 7 s 

C.HeNjOe 

CiH«N* 0 « 

CtH.NsO« 

c 7 h 6 o 2 


C^HeOj 

C 7 H«Oa 

C 7 H 6 0, 

c 7 h*o, 

c 7 h«o, 

c 7 h # o, 

c 7 h 8 o, 

C 7 H*Oi 

c 7 h«o, 


c 7 h.o, 


c 7 h.o, 


Electrolyte 


Name 


Ammonchelidonic acid 

a-Hydroxyisocinchomeronic acid. . 
3-Nitro-2-hydroxvbenzoic acid. . . . 
5-Nitro-2-hydroxybenzoic acid. . . . 
2, 4, 6-Trinitro-m-cresol 

n-p-Bromophenylnitromethane — 
Iso-p-bromophenylnitro methane.... 

3- Amino-2-chloro benzoic acid 

3-Amino-6-chlorobenzoic acid 

Benzenesulfonecyanamide 

3-Amino-5-nitrobenzoic acid 

m-Nitrophenylnitromethane 

(NO1.CeH4.CH. NO. OH) 

m-Nitrophenylnitromethane 

(NOj.CeH4.CH1.NO1) 

Benzoic acid 


Salicylaldehyde 

m-Hydroxybenzaldehyde 

7>-Hydroxybenzaldehyde . 


2, 4-Dihydroxybenzaklehyde. 

2, 5-Dihydroxybenzaldehyde. 

3, 4-Dihydroxybenzaldehyde. 

alio- Furfur aery he acid 

Furfuracrylic acid 

Salicylic acid 


m-Hydroxybenzoic acid 


jk-Hydioxybenzoic acid 


t, °c 

c- Range 

Ao 

fc(or A<) 

i 

Lit. 

25 

0 006-0.0007 

(?) 

Ao.we = 391 

(430) 

25 

0.008-0.001 

381 

1.60 X 10" a 

(456) 

25 

0.008-0.001 

381 

1.5 X 10-’ 

(378, 436) 

25 

0.004-0.001 

381 

7.8 X 10" a 

(378); c /. (436) 

25 

0.008 

382 

A 0.006 = 352 

(314) 

0 

0.0004 

(?) 

(Ao.0004 = 2.5J 

(249) 

0 

0.003 

(?) 

A 0.001 — 24 

(349) 

25 

0.016-0.001 

378 

6 X 10- 4 

(177) 

25 

0.016-0.001 

378 

7 X 10' 6 

(32) 

25 

0.009-0.001 

376 

1.27 X 10" 6 

(26) 

25 

0.01-0.0004 

380 

2.0 X 10" 4 

(49) 

25 

0.003-0.0025 

(?) 

w 

[Ao.oom — 70] 

(342);^. (275) 

25 

0.0016 

(?) 

Ao.ooie — 6 

(342) 

0 

0.001-0.001 

244 

5.7 X lO" 4 

(172) 

20 

0.02-0.001 

353 

6.16 X 10-* 

(172) 

25 

0.02-0.001 

383 

5.86 X 10“ 4 

6.15 X 10“ 4 

(436) 

(172); c /. (376, 
451, 457, 528) 

30 

0.02-0.001 

410 

6.14 X 10- 4 

(172) 

35 

0.02-0.001 

438 

6.14 X 10“ 4 

(172) 

40 

0.02-0.001 

464 

6.12 X 10- 4 

(172) 

45 

0.02-0.001 

487 

6.09 X 10- 4 

(172) 

50 

0-99 

0.02-0.001 

0.06-0.0005 

511 

6.05 X 10- 4 

(172) 

(45, 47, 126, 
178, 273, 328, 
506, 609) 

25 

0.03-0.004 

383 

1.53 X 10-* 

(204); cf. («61) 

25 

0.06-0.016 

383 

3.5 X 10“« 

1.0 X 10“« 

(204) 

(441) 

25 

0.06-0.002 

383 

1.63 X 10-* 

2.2 X 10-* 

(204) 

(441) 

25 

0.008-0.001 

381 

3.52 X 10-® 

(204) 

25 

0.008-0.001 

381 

4.2 X 10-* 

(204) 

25 

0.12-0.0002 

381 

3.05 X 10-* 

2.8 X 10" 8 

(204) 

(441) 

(?) 

(?) 

(?) 

7.82 X lO" 6 

(346) 

(?) 

(?) 

(?) 

3.25 X 10-‘ 

(346) 

0 

0.01-0.0016 

245 

7.7 X 10" 4 

(172) 

20 

0.01-0.0016 

354 

9.5 X 10- 4 

(172) 

25 

0.014-0.001 

384 

1.00 X 10"* 

(81, 102.1, 1 72 
313, 376, 436) 

35 

0.01-0.0016 

439 

1.00 x 10-* 

(102.1, 172) 

40 

0.01-0.0016 

465 

1.00 x 10- 5 

(172) 

45 

0.01-0.0016 

488 

1.01 X io-‘ 

(172) 

50 

0-99 

0.01-0.0016 

0.016-0.0005 

512 

1.01 x 10- 6 

(172) 

(45, 47, 128, 
506, 526, 609) 

0 

0.01-0.0016 

244 

7.1 X 10"* 

(172) 

20 

0.01-0.0016 

353 

7.61 X lO" 6 

(172) 

25 

0.03-0.001 

383 

8.54 X 10-* 

7.74 X lO" 6 

(436) 

(81, 172) 

30 

0.01-0.0016 

410 

7.65 X 10-* 

(172) 

35 

0.01-0.0016 

438 

7.60 X 10- & 

(172) 

40 

0.01-0.0016 

464 

7.52 X 10-* 

(172) 

45 

0.01-0.0016 

487 

7.45 X 10-* 

(172) 

50 

0-65 

0.01-0.0016 

0.03-0.0005 

511 

7.38 X 10-* 

(172) 

(45, 47, 378, 
525, 609, 611) 
(81, 341, 436); 
Cf. (378) 

(46, 47, 609, 
611) 

25 

0-65 

0.03-0.001 

0.016-0.0005 

384 

2.80 X 10-* ' 
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Formii 

CfEtOl 

C7H.O4 


CtH /) 4 

CtH/>4 

CtHcOi 

CtH|04 

CrHeQi 

C7H4O4 

C7H4O4 

C7H«04 

CtILO* 


CrHeOj 

CtH^O* 

C 7 H 6 0 ,S 

CrHfOjS 

CtH,0^ 

C 7 H 404 S 

CrHyBriNOiS 

C7H7NO 

C7H7NO 

C7H7NO, 

C7H7NO, 

CrH.NO, 

C7H7NO, 

C7H7NO, 

C,H 7 NO, 

C7H7NO, 

C7H.NO, 

C7H7NO. 


C7H,NO, 

C7H7NO4S 

C7H 7 N04S(-H^)?) 

C7H7N04S 


CTH 7 N 04 S 

C7H7N04S 

C7 H,NOiS 

C7H7N04S 

CtHjNO^ 

C7H7NOIS 

CtH 7 NO,S 

C7H7NOIS 


C-Table. 

Electrolyte 


Name 


2, 3-Dihydroxybenzoic acid 

2, 4-Dihydroxybenzoic acid 


■The <£ -Arrangement — ( Continued ) 


2, 5-Dihydroxybenzoic acid 


2, 6-Dihydroxybenzoic acid 

3, 4-Dihydroxybenzoic acid 

3, 5-Dihydroxybenzoic acid 

Gallic aldehyde 

Hydroxyhydroquinol aldehyde. . 

Phloroglucinol aldehyde 

Pyrogallol aldehyde 

Gallic acid 


Phloroglucinolcarboxylic acid 

Pyrogallolcarboxylic acid 

o-Sulfobenzoic acid. . 


m-Sulfobenzoic acid. 


p-Sulfobenzoic acid. 
5-Sulfosalicylic acid 


3, 5-Dibromo-2-toluidine-4-8ul 

fonic acid 

Benzamide. . . . 


Formanilido 

o-Aminobenzoic acid 


m-Aminobenzoic acid 


p-Aminobenzoic acid 


Benzhydroxamic acid 


6-Nitroso-m-cresol 

1- Methylpyrrylglyoxylic acid 

2- Methylpyrryiketone-5-carboxy- 

lic acid 

4-Nitro8borcinol (red isomer) . . . 
4-Nitrosoorcinol (yellow isomer). 


°C 


25 

25 

0-65 

25 

0-35 

25 

25 

25 

19.8 

25 

25 

25 

25 

0-65 

25 

26 
25 

0-35 

25 

0-35 

25 

25 

0-65 

25 

25 

0-40 

25 

25 

0-45 

25 

0-35 

25 

0- 35 
25 

1 - 20 
25 

25 

25 

25 

25 


8alicylhydioxamic acid. . 
o-Sulfaminebenzoic. acid 


Iso-p-sulfaminebenzoic acid 
p-Sulfaminebenzoic acid. . . . 


o-Sulfobenzamide 

2- Amino-4-sulfobenzoic acid 

3- Amino-4-6ulfobenzoic acid 

4- Amino-2-8ulfobenzoic acid 

a 

4- Amino-3-sulfobenzoic acid 

5- Amino-2-8ulfobenzoic acid 

5-Amino-3-sulfobenzoic acid 

1, 2; 4-m-Nitrotoluenesulfonic acid 


25 

25 

25 

25 

0-65 

25 

25 

25 

25 

25 

25 

25 

25 

0-35 


o-Range 


0.016-0.0005 

0.016-0.0005 

0.008-0.0005 

0.016-0.0005 

0.008-0.0005 

0.016-0.001 

0.03-0.001 

0.03-0.001 

0.016 

0.008-0.001 

0.007-0.0008 

0.004-0.0005 

0.03-0.001 

0.016-0.0005 

0.03-0.001 

0.016-0.001 

0.03-0.0005 

0.03-0.0005 

0.09-0.0014 

0.002-0.0005 

0.015-0.0004 

0.03-0.0005 

0.03-0.0005 

0.016-0.002 
0.016-0.001 
0.016 
0.10-0.006 
0.016-0.0005 
0.016-0.0005 
0 016-0.001 
0.016-0.0005 
0.03-0 0005 
0.016-0.0005 
0.03-0.015 
0 016-0.008 
0.008-0.001 
0.03-0.001 

0.025-0.0008 

0.008-0.001 

0.008-0.0003 


0 06-0.008 
0.04-0.0001 

0 03-0 ooi 
0.006-0.0008 

0.002-0.0005 
0.02-0 00016 
0.007-0.0008 
0.003-0.0008 
0.007-0.0008 
0.007-0.0016 
0.007-0.0008 
0.007-0.0008 
0.12-0.0005 
0.12-0.0005 


Ao 


383 

383 


383 

383 

383 

383 

(?) 

381 

381 

381 

383 


383 

383 

[379] 

379 

382 

(?) 


379 

(?, 

380 
382 

382 

382 

381 

380 

382 

380 

379 

379 


381 

380 

380 

380 


380 

380 

380 

380 

380 

380 

380 

379 


k(ot At) 


M2 X 10“* 
5.05 X 10”* 


1 06 X 10“» 

5 X 10-* 

3.1 X 10-* 
8.9 X 10-» 
A«.oti = 1.25 
1.77 X 10“* 
4.25 X 10“* 
1.12 X 10“ 4 

3.8 X 10-* 
3.4 X 10-* 

1.9 X 10“* 
5.3 X 10" 4 
A«.o« = 376 


Ao. 


324 


Ao.ou =* 375.5 


Lit 


(81, 313, 433, 
540) 

(810. Oil) 
(81, 313, 430) 
( 010 ) 

(430) 

(08, 370, 430) 
(430) 

(404) 

(304) 

(304) 

(304) 

(430) 

(370) 

(00, 030, 000) 
(430) 

(370, 430) 

(535) 

(330) 

( 000 ) 

(030) 

( 001 ) 


A 0.01 ** 355 

(030) 


(030) 

Ao.ou - 287 

(100) 

Ao.ou *=1.3 

(003) 


(«») 

5 X 10-»® 

(> T4 ) 

Ao.ou “7.7 

(430. 000, 033 
(45, 300, 000) 


Ao.ou =* 9.9. 
Ao.ou “ 8.0 

7.5 X HT y 

3.5 X 10“ T 

2.6 X 10-* 

2.9 X 10- 4 
5.0 X 10” 4 

4.5 X 10- 4 

3.6 X 10' 4 

3.2 X 10- 4 

6.3 X 10“* 

2.05 X 10'* 
2.25 X 10-* 
A 0.01 = 345 

2.5 X 10" 4 


(*••» •«) 

(48, 4S«, 611) 

(436, 568, 622 

(48, 60») 

(426) 

(429) 

(160) 

< 7 ) 

(7, 378) 

(282) 

(180, 822) 
(282) 

(261) 

(426) 

( 888 ) 

(«*»)></• ( J74 ) 
(033) 

(308); (374, 

033) 




(610, 611) 

Ao.oi “ 338 

(on) 

Ao.ooit 

- 312.0 

(.01) 

Ao.oos 

- 340.1 

(.01) 

a 

Ao.ooor 

- 187.5 

(101) 

Ao.oocr 

- 349.1 

(.01) 

A*. 0007 

- 214.2 

(.0.) 

A*.*mt 

- 165.4 

(>•«) 

A*.m - 

> 324 

(010) 


(010) 
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# 

<£-Tabie.— The Ait Angement.— (Continued) 


Electrolyte 


Formula 


Name 


t } °C 


c- Range 


CtH 7 NO»S 

CrHgBrNOjS 

CrHgBrNO^ 

CrHaBrNO^ 

CrHalNO^ 

c 7 h 8 n,o, 

CrHaNtOt 

CrHaN.O, 

(SrHaNjOaS 
C 7 H 1 N 4 O* 

C7BUO 

CvHaO 

CrHaO 

C 7 H,0, 

C 7 HaO* 

C^HaOi 

GHaOtS 

OjHsOjS 


CiH«Oi 

C7H 8 0^ 

OrHaOiS 

c 7 h,o,s 


CrHaOa 

CiU^Ot 

C 7 H.BrN,0«S 

C.H.N 

C^HiN 

G,H.NO, 

CjHoNOi 

CrH.NO, 

CRH.NO, 

CtH.NO, 

CtH.no,s 

CtH,NO,S 

CtH.NO,S 

c 7 h.no,s 

C^JHtNOiS 

CrH.NOaS 

CtH,NO,S 

CrHtN'O^ 

CtH»&0£i 

C 7 H.NO*S, 

CtH,N,0,S 

CrHuAflNOi 

CrHioAflNO, 

C^HuBraOi 

C^HiftNtOiS 


1, 4, 2-m-Nitrotoluenesulfonic acid 

?-Bromo-2-toluidine-?-sulfonic acid 
?-Bromo-4-toluidine-2-sulfonjc acid 

3- Bromo-2-toluidiiie-5-sulfonic acid 

4- Iodo-2-toluidine-5-sulfonic acid. . 
p-Anisolediazonium hydroxide 

3, 5-Diaminobenzpic acid 

0-Nitrosobenzylhydroxylamine — 

2-Nit rd-4-toluidine-5-sulfonic acid 
3, 7-Dimethyl-2, 6-dioxypurine — 

I 

o-Cresol 

m-Cresol 

p-C resol 

2, 6-Dimethylpyrone 

GuaiacoL 

Orcinol , 

o-Toluenesulfinic acid 

p-Toluehesulfinic acid 


2, 4-Dimethylfurfufc$ne-3-carboxy- 

lie acid 

o-Anisolesulfinic acid 

Benzylsulfonic acid 

p-Toluenesulf onic acid 


Piperylenedicarboxylic acid 
0, 7 -Dicarboxy- 7 -valerolactone. . . . 
Bromo-2, O-toluylenediamine-4- 

sulfonic acid 

Benzylamine 

2, 6-Dimethylpyridine 
2, 4-Dimethylpyrrofe-3-carboxylic 
acid 

2, 4-Dimethylpyrrole-6-carboxylic 

acid : 

2, 6-Dimethylpyrrole*3-carboxylic 

acid 

Ethyl cyanoacetoacetate ........ 

Methyl cjtfinopropionylacetate . . . 
p-Aminobenzylsulfonic acid 

1- Methylaniline-4-sulfonic acid. . . 

2- Toluidine-4-flulfonic acid 

2- Toluidine-6-eulfonic acid 

3- Toluidine-2-8ulfonic acid 

4- Toluidine-?-e tic acid 

4-Toluidine-2-* nic acid 

4-Toluidine-3-«ulfonic acid 

2- Toluidine-3, 5-disulfonit! acid. . . 

- *- 

3- Toluidine-2, 4-dimilf onic acid.. . 
2-Nitro-4-tolylhydrazine-6-sulfonic 

acid 

o-Toluidineareonic acid 

m-Toluidinfearsonic acid 
Dibromohydroshikimic acid 
2, 4-Toluylenediamine-5-flulfonic 

acid 


25 

0-65 

25 

25 

25 

25 

0 

25 

0 

25 

25 

18 

25 

25 

25 

25 

25 

25 

25 

25 

18 

25 

30 

25 

25 

25 

25 

0-65 

?5 

25 

25 

25 

0-65 

25 

25 

25 

25 

25 

25 

25 

26 
25 
25 
25 
25 
25 

25 

26 
25 

25 

25 

25 

12 

25 


0.12-0.0005 
0.12-0.0005 
0.004-0.0005 
0.010-0 0005 
0.03-0.001 
0.004-0.0002 
0.008-0.002 
0.03-0.0018 
0.002 
0.002 

0.008-0.0002 
0. 0010-0. Q008 
0.0016-0.0008 
0.05-0.03 
0.05-0.006 
0.07-0.009 
0.03-0.002 
0.04-0.005 
0.04-0.005 
0.03-0.001 
0.03-0.001 
0.03-0.001 
0.03-0.001 

0 . 002 - 0.001 

0.03-0.001 

0 . 12 - 0.001 

0.20-0.0005 

0.03-0.0005 
0.03-0.001- 
0.03-0.008 

0.007-9001 
0.12-0.004 
0.06 

0.03-0.004 

m 

0.004-0.001 

0.0013-0.0006 

0.003-0.0008 
0.016-0.001 
0.004-0.001 
0.008*0.001 
0.008-0.0005 
0.03-0.001 
0.03-0.001 
0.008-0.001 
0.016-0.001 
0.03-0.005 
0.03-0.001 
0.016-0.0005 
0.03-0.0005 

0 . 002 - 0.0002 
0.016-0.001 
0.008-0.001 
0.02-0.003 

0.004-0.00025 


379 

378 

378 

379 
379 
137 
379 

(?) 

(?) 

379 

336 

375 

382 

382 

382 
233 

383 
382 
379 
339 
379 
407 

381 

379 

379 

380 


380 

377 

379 

232 

232 

381 

381 

381 

379 

378 

379 
377 
379 
379 

379 

380 
379 

379 

380 
380 

376 

372 

372 

314 

376 


k(or A e ) 

Lit. 

\o.oa = 372 

(611) 


(6.1) 

\ 0.004 — 169 . 7 

( 165 ) 

4.2 X 10- 3 

(. 65 ) 

\o.oj = 302 

(. 65 ) 

[A 0.004 = 132] 

( 165 ) 

A. 0.008 = 116 

(. 66 ) 

5 X 10"« 

( 49 ) 

5.8 X 10" 6 

( 227 ) 

6.5 X 10-* 

( 227 ) 

A 0.008 = 322 

( 165 ) 

Ao.oois = 1.0 

( 439 ) 

Ao.ooie = 1*7 

( 439 ) 

4.2 X 10-® 

( 26 ) 

1.7 X 10-« 

( 26 ) 

1.1 X 10'® 

( 26 ) 

6 X 10" 9 

( 572 ) 

A 0.04 =0.4 

( 26 ) 

Ao.oi =0.5 

( 26 ) 

Ao.m = 210 

(. 5 ) 

Ao.o* = 181 

( 15 ) 

Ao.o* — 213 

(. 5 ) 

Ao.oi — 223 

(. 5 ) 

1.09 X 10-®' 

(. 83 ) 

Ao.o* = 208 

(. 5 ) 

Ao.o* = 363 

(. 43 ) 

Ao.o* = 358 

(. 43 , 145 , 3 . 2 , 


603 ) 


(. 45 , 8 . 0 , 611 ) 

1.14 X 10" 4 

(- 5 . 4 ) 

6 X 10- 3 

( 578 ) 

1.69 X 10" 4 

( 436 ) 

2.0 X 10“* 

(. 04 ) 


( 251 ) 

1.0 X 10"* 

( 4 . 4 ) 

7.4 X 10-’ 

( 7 ) 

2 X 10“ a 

( 7 ) 

1.1 X 10"® 

( 7 ) 

6.2 X 10" 4 

( 213 ) 

7.0 X 10" 4 

( 2 . 4 ) 

2.29 X 19“ 6 

(. 65 ) 

6.52 X lO" 4 

( 165 ) 

2.4 X 10" 4 

(. 02 , . 65 , 436 ) 

7.36 X 10“ 4 

(. 02 , 165 , 436 ) 

3.50 X 10" 4 

( 165 , 436 ) 

7.6 X 10" 4 

( 436 ) 

4.00 X 10 -6 

( 102 , 165 ) 

8.33 X 10~ 4 

(. 02 , 165 ) 

Ao.oie = 354 

(. 65 ) 

Ao.oi 6 = 90.2 

(. 65 ) 

1 x 10- 4 

(.85) 

5.3 X 10-* 

( 356 ) 

1.3 X lO" 4 

( 355 ) 

7.5 X lO" 3 * 

C 77 ) 

2.10 X 10* 4 

(16®) 
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(T-Table.— The C-Arrangement— (Continued) 


Formula 


CiHioNjOjS 

C7H ioO J 

CtHioOj 


C7H10O1 

C7H10O* 

C7H10O4 

C7H10O4 

C7H10O4 

C7H10O4 

C 7 H ioO 4 

C7H10O4 


C7H10O4 

C7H10O4 

C7H10O4 

C7H10O4 

CtH.oO* 

C7H10O4 

C7H10O4 

C7H10O4 

C7HI0O4 

C7H10O4 

C7H10O4 

C7H10O4 

C7H10O4 

C7H 10O4 
C7H10O6 

C7H ioOj 

CiHjoOs 

C7H ioO® 

CiHjoOi 

QrHjoO* 

CrHioOa 

CrHioOa 

C7HioO« 

CrHioOa 

C,H i0 Oi 

CiHioOjSi 

CtHnNO, 

C 7 H„N 04 

CfHuNOc 

C 7 H„ 0 , 

CtHijOs 

C,H ia O, 

CrHisO* 

CrHisOi 

CtHuOi 


Electrolyte 


Name 


2, 6 -Toluylenediamine- 4 -sulfonic 

acid 

m-Methyldihydro resorcinol 

A^Tetrahydrobenzoic acid: 

(а) Liquid phase 

(б) Solid phase 

A*-Tetrahydrobenzoic acid 

Hexic acid 

Allylsuccinic acid 

1, 2 -Dimethylcyclopropane-l, 2- 

dicarboxylic acid 

a, a'-Dimethylglutaconic acid 

cr-Ethylideneglutaric acid 

Ethylitaconic acid 

Ethyl hydroxymethyleneacetoace- 
tate I 

Hydroxypimelic acid anhydride. . . 

a-Monoethyl mesaconate 

0-Monoethyl mesaconate 

Methylenedimethylsuccinic acid. . 

Methylethylmaleic acid 

cw-Pentamethylene-1, 2 -dicarbox- 

ylic acid 

tra ns- Pen tame thy lene-1, 2 -dicar- 

boxylic acid 

m-Pentamethylene-1, 3 -dicarbox- 

ylic acid 

trans- Pentamethylene-1, 3-dicar- 

boxylic acid 

Propenylsuccinic acid 

Propylfumaric acid .. 

Teraconic acid 

**••••••# 1 

Terebic acid 

Dimethyl acetylmalonate 

Dimethyldihydroxyglutaric lac- 
tone 

Hydrochelidonic afcid 

Shikimic acid 

Acctyl- 0 -hydroxyglutaric acid 

Butenyltricarboxylic acid 

Isobutenyltricarboxylic acid 

0 -Dimethylethenyltricarboxylic 

acid 

/um.-a-Methyltricarballylic acid.. . 
mni.-a-Methyltricarballylic acid. . . 
a-Monomethyl tricarballylate 

0- Monomethyl tricarballylate 

Methinetrithioglycolic acid 

dtEcgoninic acid. 

A'-Methylpyrrolidine-a, a'-dicar- 

boxylic acid * 

Diethyl nitromalonate 

a-Ethyl-at, 0 -pentenic acid 

at- Ethyl-0, 7-pentenic acid 

a, 0-Heptenic acid 

Hexahydrobenzoic acid 

1 - M e t h y 1 p e n t a methylene- 2-car- 

boxy lie acid 

4 - Aceto valeric acid 


t, °C 


c- Range 



k(or A«) 


25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

3.7 

23.5 

25 

25 

25 

25 

25 

25 

25 


25 

25 

25 

25 

25 

25 

25 

25 

14.1 

25 

0 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 


0.016-0.001 

0.06-0.001 

0.03-0.001 

0.03-0.001 

0.06-0.001 

0.016-0.004 

0.03-0.001 

0.04-0.005 

0.03-0.001 

0.03-0.001 

0.06-0.001 

0.016-0.002 

0.04-0.002 

0.03-0.001 

0.03-0 001 

0.03-0.001 

0 . 10 - 0.012 

0.03-0.001 

(?) 

0.016-0.0009 

0.06-0.001 

0.06-0.001 
0.06-0.001 
0.016-0.001 
0.02-0.0013 
0.03-0.001 
0 008 

0.02-0.0007 

0 06-0.002 

0 . 01 - 0.0002 

0.02-0.003 

0.02-0.003 

0.03-0.001 

0.03-0.001 

0.03-0.002 

0.05-0 001 

0.05-0.006 

0.14-0.016 

0.09-0.001 

0.03-0.002 

0.03-0.0015 

0.06-0.001 
0.012-0.006 
0.016-0.001 
0.03-0.001 
0 016-0.001 
0.016-0.0008 

0 . 02 - 0.001 

0 . 02 - 0.001 


379 

379 

380 
380 
380 

378 

379 

380 
378 
380 
378 

262 

368 

378 
380 

379 

378 

379 

378 

378 

378 

378 

378 

379 
378 

378 

(?) 

379 
378 
323 

377 

378 
378 

377 
376 
375 
375 

375 

378 

376 

(?) 

378 

378 

378 

379 
378 

378 

378 


1 4.6 X 10'* 
5.6 X 10“* 

2.10 X 10-* 
2.18 X 10-» 
3.0 X 10"‘ 
8.3 X IQ-' 
1.07 X 10 " 4 

9.90 X 10“‘ 
1.27 X 10 - 4 
3.2 X 10-‘ 
3.5 X 10-* 

2.3 X 10-* 
2.9 X 10-* 
2.72 X 10-» 
3.38 X 10 - 4 
5.5 X 10 - 4 
1.64 X 10 - 4 
9.4 X 10-* 

1.58 X 10 “ 4 

1.16 X 10 " 4 

5.2 X 10 " 1 

4.9 X lO " 4 
5.8 X lO " 4 
9.1 X 10 " 4 
1.38 X 10 " 4 
2.6 X 10 ~ 4 
(Ao.ooi 12J 

5 X lO * 4 
4.5 X lO " 4 
7.1 X lO"* 
1.54 X lO " 4 

3.26 X lO"* 
3.26 X 10 " 1 

4.9 X 10-* 
3.15 X 10 " 4 
4.75 X 10-* 
7.5 X 10 " 4 
9.3 X lO " 4 
9.1 X lO " 4 
8.3 X lO " 4 

Ao.o* “ 136 
7.2 X lO ' 4 
2.1 X lO " 4 
3.5 X 10“* 

1.5 X 10-» 

1.28 X 10-» 

1.05 X lO " 4 
1.90 X lO ' 4 


1 ( 436 ) 

( 508 ) 

( ,3 ) 

( 13 ) 

( 13 ) 

( 569 ) 

( 577 ) 

( 264 ) 

( 550 ) 

( 408 ) 

( 191 ) 

( 124 ) 

( 124 ) 

( 615 ) 

(*) 

C •) 

; 92 ) 

334 , 177 ) 
447 ) 

524 , 582 ) 

460 ) 

160 ) 

191 ) 

. 77 ) 

. 24 ) 

136 ) 

H 3 ) 

. 31 ) 

. 78 ) 

77 ) 

4 ) 

4 ) 

78 ) 

78 ) 

7i ) 

8 , 578 ) 

') 

») 

*) 

,! ) 

l7 ) 

( 618 ) 

( 233 ) 

( 189 ) 

( 189 )' 

( 494 ) 

( 361 , 825 . 3 , 638 ) 

( 633 ) 

( 180 ) 
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C-Table.— The C-Arrangement— (Continued) 



Electrolyte 


Formula 


Name 


C7H11O1 

CtH»,0* 

CtHmO, 

C 7 H 1 I 04 

C 7 H 1104 

CjHiaOi 

CtH^O* 

C 7 H 1 J 04 

C7HH04 

CrHiaO, 

C 7 H 1104 

C 7 H ijO 4 

CtH.,04 

C 7 HU 04 

. C 7 H 1104 

C 7 H 1104 

C7H la 04 

CtHu04 

C 7 H 1104 

C 7 H 1 J 04 


C7H 12 0 4 

C7H, a 04 

C 7 HU 04 

C 7 H, J 04 

C 7 H u 04 
C7HI104 


C 7 H 1204 

C 7 H 1204 

cyHtao, 

CaH.aO, 

CaHijO* 
C 7 H 1 jOj 

C 7 HI 20 I 

CaHnOe 

CjHiiO* 

CrHitOr 

CrHuO, 

C 7 HI 40 J 

C 7 H 140 I 

CaHuO, 


a-Dimelhyllevulinic acid 

a-Ethyl-0-acetylpropionic acid 

^-Methyl- 7 -acetylbutyric acid 

Butylmalonic acid 


Isobutylmalonic acid 
Diethylmalonic acid. 


0, 0 -Dimethylglutaric acid 


/um.-sym.-Dimethylglutaric acid... 

ma/.-sym.-Dimethylglutaric acid... 

Monoethyl dimethylmalonate 

a- Monomethyl asi/m.-dimethylsuc- 

cinate 

0- Monomethyl a$i/m. -dimethylsuc- 

cinate 

Monomethyl sym.-antir dimethyl- 

succinate, 

Monomethyl «ym.-p-dimethylsuc- 

cinaie 

o-Ethylglutaric acid 


t, °C 

26 

25 

25 

25 

0-65 

25 

25 

0-65 

25 

25 

25 

25 

25 

25 

25 

25 

25 


0 -Ethylglutaric acid 25 

Monoethyl ethylmalonate 25 

Diethyl malonate 25 


maZ.-«ym.-Mcthylethylsuccinic acid 25 

Methylpropylmalonic acid 25 

Methylisopropylmalonic acid 25 

7 *-Pimelic acid 25 

7 -Pimelic acid 25 

Isopimelic acid 25 


Propylsuccinic acid | 25 

Isopropylsuccinic acid 

Trimethylsuccinic acid 

a, a'-Dimethyl- 0 -hydroxyglutaric 

acid 

Hydroshikimic acid 

Hydroxy trimethylsuccinic acid 

Dimethyldihydroxyglutaric acid... 

di-Quinic acid 

Quinic acid 


Dihydroxyhydroshikimic acid 

Heptoic acid 

0 -Diethylethylenelactic acid 

Dimethylethylethylenelactic acid. . 

Tetramethylethylenelactic acid 

a-Methylglucoside 


c- Range 

(?) 

(?) 

0.06-0.001 

0.03-0.002 

0.03-0.0005 

0.03-0.001 

0.03-0.004 

1.0-0.0005 

0. 03-0. 001 

0.03-0.0006 

0.03-0.0009 

0.02-0.0007 

0.05-0.005 

0.09-0.005 

0.05-0.006 

0.03-0.004 

0.02-0.0005 

0.03-0.001 

0.03-0.001 

0.04-0.01 


or-Methyladipic acid | 24.4 10.02-0.001 

fum .-aym .- Met hylethylsuccinic 
acid I ,25 I 0.03-0.001 


0.03-0.001 

0.06-0.001 

0.03-0.001 

0.03-0.001 

0.03-0.001 

0.03-0.001 


26 

0.03-0.002 

25 

0.016-0.001 

25 

0.03-0.001 

• 

25 

a 

0.014-0.0008 

19 

0.3-0.02 

25 

0.07-0.0004 

25 

0.03-0.0009 

9 

0.15-0.005 

14.1 

0.13-0.0005 

26 

0.03-0.002 

19 

a 

0.05-0.006 

25 

0 . 01 - 0.001 

25 

0.03-0.0009 

25 ' 

0.03-0.001 

25 

0.03-0.001 

25 

0.6 


(?) 
(?) 
377 
380 

380 

380 

377 

377 

377 

376 

376 

376 

376 

376 

377 

(?) 

376 

379 

376 

378 
378 

377 
377 
377 
377 

377 


377 

377 

377 


376 

348 

378 

379 
303 
314 
376 
347 
378 
376 
376 
376 

(?) 


fc(or A*) 


1.08 X 10-* 
2.93 X 10"* 
2.65 X 10“* 

1.01 X 10"* 

8.82 X 10-< 

7.1 X 10- 1 

2.2 X 10" 4 

2.0 X lO" 4 

5.7 X lO"* 

5.3 X 10-* 

3.04 X 10" 4 
2.28 X 10-* 

2.6 X 10-* 

4.5 X lO"* 

6.0 X 10"* 

5.5 X lO"* 

5.8 X 10~* 

5.3 X 10“* 

4.01 X lO" 4 

1.2 X 10"* 

4.0 X 10”* 

2.05 X 10- 4 

2.00 X lO"* 

1 . 82 X 10-* 
1.2 X 10-» 
3.20 X lO"* 
4.12 X 10-* 
3.92 X 10-* 

9.5 X 10-* 
3.40 X 10“* 
3.50 X 10-* 

8.7 X 10-* 

7.4 X 10-* 

3.1 X lO" 4 


1.06 X 10 " 4 

3.0 X 10~* 

9.2 X lO " 4 

8.3 X 10 - 4 

1.7 X 10"-* 
2.2 X 10 “ 4 
2.9 X lO ” 4 

2.8 X 10 " 4 

7.1 X 10“* 
1. 30 X 10-* 
2.97 X 10-* 
1.48 X 10-* 
4.27 X 10“‘ 
A 0.1 3X5 0.05 


( 61 ) 

( fll ) • 

( 508 ) 

( 390 , 577 ) 

( 526 ) 

( 390 , 577 ) 

( 390 , 577 ) 

( 68 , 526 ) 

( 451 ) 

(20, 525.2) 

(19, 470, 550); 

Cf. (*®, 577 ) 

(19, 49, 94, 470, 
550, 577, Oil) 
(582) 

( 100 ) 

( 100 ) 

( 100 ) 

( 100 ) 

(391) 

(20, 451) 

(525.5) 

(582) 

(588, 573); c /. 

(275) 

(391) 

(20, 21, 49, 451, 
577) 

(21, 49, 451, 

577) 

(390) 

(390) 

(524, 565) 

(577, 582, 631) 
(436) 

(577) 

(385) 

(21, 58, 577) 
(569, 577) 

(569, 577) 

(25, 95, 561, 577, 
631, 632) 

(471, 550) 

(177) 

(92) 

( 22 ) 

(631) 

(177) 

(177) 

(*™. 527) 

(177) 

( I0 °); ( ,6 ») 

( 6 . 0 ) 

(ISO) 

(•60) 

( 71 ) 
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C-Table.— The <£- Arrangement. — (Continued) 



Electrolyte 


Formula 
CtHhO* 

C 8 H 2 C1 4 0 4 

C.,H 4 C1 2 0 4 

c 8 h 4 ci 2 o 4 

CbHsBfO, 

C«HsC10 4 

CgH t NO, 

C 8 H 5 N0 2 

c 8 h 6 no 8 

C 8 H 6 NOs 

C 8 H 6 NO(S 

c 8 h 6 no* 

c,ii 5 no« 

C 8 H 6 N0 8 

c 8 h 6 no« 

C%H 6 NO a 

CsHaNOa 

CgHaNOa 

CgH.NaOa 

C,H 6 BrC10, 

CgHeBrNaO 

C 8 H 6 Br 2 0 8 

CsHaCINO, 

CgHgClNO* 

CgHaCUO, 

CgH 8 Cl 2 0 4 

CgHaCl 2 0 8 

CsHeN,0 

CgHeNjOj 

CgH 8 N 2 0i 

CgH # N 4 0. 

CgHaOg 

CgHaO, 

CgHaOj 

C 8 H«0 4 


Name 


t, °C 


CgHa0 4 

CgHaOj 

CsHaOj 

CgHaOg 

CsH 7 Br0 2 

CgHyClO, 

CgH 7 C10, 

CsH 7 C10* 

CgH 7 N0 3 

C 8 H 7 NO, 

CgHyNO* 

C«H 7 NO* 

CsH 7 NO, 

c,h 7 no 4 
» c*h 7 no 4 
c.h 7 no 4 


0-Methylglucoside 

Tetrachlorophthalle acid 


3, 6-Dichlorophthalic acid 

4, 5-Dichiorophthalic acid 


2-BromoterephthaIm acid 

4-Chlorophthalic acid 

m-Cyanobenzoic acid 

Phthalimide 

2-Aldehydo-3-nitrobenzoic acid.. . . 

2- Aldehydo-5-nitrobenzoic acid.. . . 

Sulfimidophthalic acid 

3- Nitrophthalic acid 

2-Nitroterephthalic acid 

4- Nitrophthalic acid 

4-Nitroisophfrhalic acid 

Pyridine-2, 3, 4-tricarboxylic acid. 
Pyridine-2, 3, 5-tricarboxylic acid. 
Pyridine-3, 4, 5-tricarboxylic acid. 

Purpuric acid 

Methyl 2-chloro-6-bromogallate. . . 

p-Bromophenylcyanourea 

Methyl dibromogallate 

o-Chlorooxanilic acid 

p-Chlorooxanilic acid 

2-Methoxy-3, -5-dichlorobenzoic 

acid 

Methyl 3, 4-di hydroxy-2, 5-di- 

chlorobenzoate 

Methyl 2, 6-dichlorogallate 

AT-Cyanobenzamide 


Dihydroxyquinazoline 

Isatoxime 

Alloxanthine 

Benzoylformic acid. . . 
Phenylglyoxylic acid . . 
Phthalaldehydic acid. 
Phthalic acid 


Isophthaiic acid 


Thienylpyroracemic acid 

2- Hydroxyterephthalic acid 

4-Hydroxyphthalic acid 

Phenylbromoacetic acid 

Phenylchloroacetic acid 

3- Methoxy-6-chlorobenzoic acid. . . 

Methyl 2-chlorogallate 

l*-Nitroacetophenone 

Oxanilic acid 

Phenylglyoxylic acid anti-oxime. . . 
Phenylglyoxylic acid syn-oxime . . . 

o-Phthalamic acid 

2- Aminoterephthalic acid 

3- Methyl-4-nitrobenzoic acid 

2-Methylpyridine-3, 5-dicarboxyl- 

ic acid 


25 

25 

0-65 

25 

25 

0-65 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

0 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

0-65 

25 

0 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 


0.5 

0.002-0.0005 
0 . 002-0 0005 
0.03-0.001 
0.008-0.0005 
0.008-0.0005 
0.006-0.001 
0.016-0.004 
0.008-0.001 
00022-0. 0018 
0.008-0.001 
0.008-0.001 
0.01-0.005 
0.06-0.001 
0.05-0.002 
0.03-0.001 
0.03-0.001 
0.016-0.0002 
0.008-0.0002 
0.008-0.0002 
0.002 

0 03-0 .004 
0.0005 
0.03-0.004 
0.03-0.001 
0.004-0.001 

0.0005-0.0002 

0.004-0 001 
0 03-0.004 
0.03-0.0007 

0.002 

0 . 002 - 0.001 
0.008-0.001 
0.07-0.008 
0 03-0.001 
0.02-0.0013 
0.06-0.0008 
0.03-0 0005 

0.002-0.001 
0.002-0.0004 
0.004-0.001 
0 005-0 0012 
0.06-0 001 
0.01-0.0005 
0.02-0.0005 
0.002-0.0005 
0.03-0 004 
0.004-0.001 
0.03-0.002 
0.06-0.015 
0.06-0.001 

0.03-0.001 

0 . 002 - 0.001 

0.001-0.0005 

0008-0. 001 


(?) 

[378] 

379 

379 

379 

380 
380 
378 
380 
380 

(?) 

378 

378 

378 

378 

(?) 

(?) 

(?) 


380 

380 

379 

378 

380 
380 

379 
376 

376 

377 

380 
380 

379 

379 

379 

379 


A©., - 0.05 
Ao.ow = 470 

3.4 X 10~* 

Ao.ow = 306 


6 X 10" 1 
Ao.oie = 276 
1.95 X 10 -4 
[4 X 10~«J 
1.30 X 10“» 

9.8 X 10-* 
Ao.oi = 338 
1.25 X 10-* 

1.9 X 10-* 
7.5 X 10-* 
A©.oi = 166.7 
Ao.oos * 307 
A©, cos = 295 
A©. 008 = 248 


240 

2 X 10-* 

374 

4 X lO" 4 

380 

2.4 X 10~ 4 

375 

1 . 1 X lO" 4 

377 

1.95 X lO"* 

377 

1.30 X 10-» 

379 

1.3 X lO'* 

377 

4.4 X 10-* 

375 

5.8 X lO" 7 

380 

2.0 X 10-» 


1.8 X lO"* 

(?) 

Ao.oot = 2.9 

377 

[2 X 10-"] 

375 

Ao.oo 4 = 46.4 

378 

4.8 X lO" 1 

379 

6 X 10"> 

380 

3.10 X lO" 4 

380 

1.17 X 10-* 


2.80 X 10* 4 


1 

3 

4 
1 
2 


4.5 X 10-* 
2.65 X 10-* 

20 X 10-* 
5 X 10"* 

3 X 10"» 

3 X 10-* 

5 X 10" 7 

0.1 X io-* 

1.17 X 10-* 

1.5 X 10-» 
1.75 X 10-* 
1.52 X 10“* 
1.57 X 10- 4 

2.6 X 10- 4 
3.1 X lO* 4 

1.95 X 10-* 


(Tl) 

(•10) 

(610, til) 

(*»*) 

(«! 0 ) 

(•to, «M) 

(•••) 

(<»•) 

(«*«) 

(*•*); cf. (•*«) 

(.40) 

(*40) 

(M7) 

(438, •••) 

(» M ) 

(438, •»•) 

(80.) 

(43«) 

(43.) 

(43.) 

(34.) 

(13.) 

(*<) 

(13.) 

(43.) 

(43.) 

(13.) 

(13.) 

(13.) 

(337) 

(*•) 

(”) 

(33.) 

(.., ..7) 

( 8 .) 

(38) 

(801) 

(330, 438, 478) 
(48, 13*, »*». 

.38, 40.) 

(438) 

(33.) 

(») 

(438, »•») 

(...) 

(. 1 .) 

(.13, .«») 

(13.) 

(...) 

(3.4) 

(433, 430) 

(344) 

(30, *«») 

(344, 34.) 

(433) 

(.40) 

(«•«) 

(43.) 
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C-Tablc. — The (T- Arrangement. — ( Continued ) 



Electrolyte 

Formula 

I Name 


CsHtNOi 


CtH 7 N0 4 

CsHrNOi 

C.H 7 NO 4 

CsH 7 N0 4 

CsHtNO* 

C*H 7 NO. 

c»h 7 no. 


c.h 7 no. 


c.h 7 no, 


c,h 7 no. 


canoi 

C*H 7 NOtS 

C»H 7 Ni 

c»h 7 n,os 

CiH 7 N, 0 , 

C%H|O s 

CtH 8 Oj 

CtHaO, 

CaH.O, 

CfHaOi 

CflHaOa 

CaHgOi 

C 8 HsOj 


CaHaOt 

CaHaOt 


CaHaOt 

CaHaOt 


CaHaOt 

CaHaOa 


ce-Monomethyl pyridine-2, 3-dicar- 

boxylate 

0-Monomethyl pyridine-2, 3-dicar- 

boxylate 

0- Monomethyl pyridine-3, 4-dicar- 

boxylate 

7 -Monomethyl pyridine-3, 4-dicar- 

boxylate 

2-Pyrroylpyroracemic acid 

o-Nitrophenoxyacetic acid 

p-Nitrophenoxyacetic acid 

4-Nitro-2-hydroxy-5-methoxyben- 
zoic acid 


5-Nitro-2-hydroxy-3-methoxyben 
zoic acid ; 


5-Nitro-3-hydroxy-4-methoxyben 
zoic acid 


5-Nitro-4-hydroxy-3-methoxyben 
zoic acid 


Nitro vanillic acid 

8 ulfaminephthalic acid 
C-Phenylosotriazole. . . 


l-Phenyl-3-thiourazole 

1- Phenylurazole 

2- Hydroxy-m-toluic aldehyde 

4- Hydroxy-m-toluic aldehyde 
6 -Hydroxy-m-toluic aldehyde 

5- Hydroxy-o-toluio aldehyde. 

3- Hydroxy-p-tolviic aldehyde. 

Phenylacetic acid 


a-Iaophenylacetic acid 

0 -Laophenylacetic acid ( 7 -cyclo- 
hep tatrienecarboxy lie acid) 


t f °C 


25 

25 

25 

25 

25 

25 

25 

15 

25 

35 ' 

15 

25 

35 

15 

25 

35 

15 

25 

35 

25 

25 

20 

0.5-40 

25 

25 

25 

25 

25 

25 

25 

25 

0-65 

25 

25 


fc-Isophenylacetic acid 25 

o-Toluic acid 0 

20 
25 
30 
35 
40 
45 
50 

0-99 

m-Toluic acid | 25 

0-99 

p-Toluic acid I 25 


0-99 

paeudo-w-Toluic acid [25] 

o-Hydroxymethylbenzoic acid 25 


c- Range 


0.010-0.0005 

0.010-0.0005 

0.010-0.0005 

0.010-0.0005 

0.005-0.0006 

0.016-0.001 

0.008-0.001 

0.004-0.001 

0.008-0.001 

0.004-0.001 

0.004-0.001 

0.004-0.001 

0.004-0.001 

0.004-0.001 

0.004-0.001 

0.004-0.001 

0.004-0.001 

0.004-0.001 

0 004-0.001 

0.016-0.004 

0.01-0.005 

0.004 

0.004 

0.010-0.004 

0 . 002 - 0.0001 

0.008-0.001 

0.008-0.0005 

0.008-0.001 

0.008-0.001 

0.004-0.0005 

0.03-0.001 

0.03-0.0005 

0.013-0.0011 

0 . 010 - 0.001 

0.016-0.001 
0.003-0.001 
0.003-0.001 
0.008-0.001 
0.0034). 001 
0.003-0.001 
0.003-0.001 
0.003-0.001 
0.003-0.001 
0.008-0.0005 
0.003-0.001 
0.002-0.0005 
0.004-0.0005 


0.002-0.0005 

(?) 

0.02-0.0003 


Ao 

A: (or A*) 

Lit. 

379 

2.00 X 10~ a 

(31») 

379 

1.38 X 10-* 

(31») 

379 

6.52 X 10- 4 

(*1») 

379 

6.5 X 10- 4 

(3 19 ) 

380 

8.8 X 10- 4 

( T ) 

378 

1.55 X I0' a 

(438) 

378 

1.50 X 10" 3 

(436) 

319 

8.5 X 10" 3 

(323) 

378 

1.0 X 10' J 

(323) 

432 

1.0 x 10- 2 

(323) 

319 

8.0 X 10" 3 

(323) 

378 

9.0 X 10" 3 

(323) 

432 

9.5 X 10“ 3 

(323) 

319 

2.65 X 10" 4 

(323) 

378 

2.70 X 10“ 4 

(323) 

432 

2.75 X 10- 4 

(323) 

319 

1.65 X 10“ 4 

(323) 

378 

1.70 X 10" 4 

(323) 

432 

1.50 X10- 4 

(323) 

378 

1.15 X 10~ 4 

(49) 

(?) 

A 0.01 = 209 

(637) 

(?) 

A 0.004 = 3 . 96 

(429) 

(429) 

379 

1.7 X 10~ 2 

( 8 ) 

330 

1.1 x 10-* 

( 6 ) 

380 

1.49 X 10" 6 

(204) 

380 

2.13 X 10~* 

(204) 

380 

4.57 X 10~« 

(204) 

380 

2.86 X 10" 6 

(204) 

380 

7.5 X JO" 4 

(204) 

381 

5.45 X 10 -6 

(436); C f . (637) 
(526, 608, 609) 

381 

3.70 X 10-® 

(486) 

381 

4.02 X 10“ 6 

3.74 X 10-* 

(486) 

(616) 

381 

3.88 X 10*‘ 

(616) 

243 

1.34 X 10‘ 4 

(172) 

353 

1.20 X 10“ 4 

(172) 

382 

1.17 X 10- 4 

(172, 436, 451) 

410 

1.10 X 10- 4 

(172) 

438 

1.05 X 10~ 4 

(172) 

464 

1.00 x 10- 4 

(172) 

487 

9.6 X 10~» 

(172) 

511 

9.2 X 10- 6 

(172) 

(506, 625, 609] 

381 

5.05 X 10-* 

(436, 451) 

(506, 525, 609) 

387 

5.05 X 10~ 4 

4.55 X 10-“ 

(436) 

(457) 

(?) 

3.80 X lO" 5 

(451) 

(506, 525, 609) 

1.3 X 10" 4 

(449) 

378 

1.45 X lO" 4 

(128, 289) 
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international critical tables 


Form ula 

CgH*Oi 

CgHgOj 

CsH»Oi 

CgHgOi 

CeHgOi 

CsHgO, 

CgHgOj 

C*H,0, 


Electrolyte 


( Continued ) 


Name 


c- Range 


C.H.O, 

C,H 8 0, 

CgHsOs 

C 8 H 8 0, 

C»H»Oi 


CfH*Oi 

C,HsO, 

CsH 8 0 4 

C|Hs0 4 

CsH*0 4 

CsH 8 0 4 

c*h 8 o 4 

c 8 h 8 o 4 

c*h 8 o 4 

CgH 8 0 4 

CtH 8 0 4 

CiH»0 4 

C 4 H*0 4 

c*h 8 o 4 

CsH 8 0 4 

c,h 8 o 4 

c 8 h 8 o 4 

c 8 h 8 o 4 

CsKUOiS 

C 8 H 8 0*S 

C 8 H 8 0gS 

CgHtNO 

C 8 H|NOj 

C 8 H,NO, 

CgHgNO, 

CiH.NO, 

CiHfNOi 

C 8 H,N0 4 

cji 8 no 4 

c,h,no 4 

CgH.NOgS 

CjHjoNjO 

CaHioNfOiS 

CJi.oNgOj 

C 8 H 10 O 
C 8 H 10 O 18 
C 8 HjoOiS 

C»Hio0 4 
CgH l 0 O 4 
C»H i 0 O 4 


— — ^ W 

8-Hydroxy- p-toluic acid 


Orcyl aldehyde 

Phenoxyacetic acid. . . 
d-Phenylglycolic acid. 
J-Phenylglycolic acid. 
dl-Phenylglycolic acid 


25 

0.002-0.0005 

25 

0.004-0.0005 

25 

0.0009 

25 

0.004-0.0005 

25 

0.004-0.0005 

25 

0.03-0.001 

25 

0.004-0.0002 

25 

0.002-0.0005 

0-99 

0.004-0.0005 

25 

0.001-0.0001 

25 

0.03-0.001 

25 

0.5-0.001 


Vanillin 

Dehydroacetic acid 


Isodehydroacetic acid 

A^-Dihydrophthalic acid 

A 54 -Dihydrophthalic acid 

A J **-Dihydrophthalic acid 

A , # -Dihydrophthalic acid 

trans-b * -‘-Dihydrophthalic acid. . . 
Dimethylpyronecarboxylic acid... 

Guaiacolcarboxylic acid 

Orsellic acid 

p-Orsellic acid 

*•••••##• 

2-Methylpyrone-6-acetio acid 

Vanillic acid 

Iso vanillic acid 

Methyl gallate 

Hetnatinio acid anhydride I 

'Hydroxydehydroacetic acid 

a-Monomethyl m-sulfobenzoate. 

op-Mgnomethyl p-su if o benzoate 

/3-Monomethyl m-sulfobenzoate. . 

Acetophenoneoxime 

o-Methylaminobenzoic acid 

m-Methylaminobenzoic acid 

p-Methylaminobenzoic acid 

Phenylaminoacetic acid * 

Anishydroxfemic acid. . 

• ••••••## 

2. 4-Dimethylpyrrole-3, 5-dicar- 
boxylic acid 

2, 5-Dimethylpyrrole-3, 4-dicar- 

boxylic acid 

Hematinic imide 

Benzenesulfoneaminoacetic acid.. . 
O-Methyl- A^-phenylpseudourea . . . 
Nitrodimethylaniline8ul/onic acid . 

Caffeine 

1, 3-Dimethyl-4-hydroxybenzene . . 

p-Toluhenzylaulfdnic acid 

1, 4-Xylene-2-sulfonic acid 

0-MesityIoxide oxalic acid 

Jrarw- A >-Tetrahydrophtfcalic acid 
A‘-Tetrahydroterephthalic acid.. . . 


26 

25 

0-65 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

(?) 

25 

0-65 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 


25 

25 

25 

25 

25 

25 

25 

25 

25 


(?) 


(?) 

1 . 0 - 0.001 

0.12-0. 0005 
0.008-0 001 
0.01-0.001 

0.03-0.001 

0.03-0.0001 

(?) 

0.03-0.001 

0.016-0.001 

(?) 

0 02-0.003 
0 . 010 - 0.001 
0.008-0.001 
0.008-0.001 

(?) 

0.016-0.001 
0 .004-0/0005 
0.004-0.001 
0.03-0 004 
0 05-0.0008 
0 002-0.0004 
0.004-0.003 
0.0009 
0.02-0.0007 
0.008-0.001 
0.0013-0 0007 
0.012-0 0008 
0.008-0.001 
0.03-0.001 
0 008-0 002 

0 0008-0 . 0004 

0 0008-0 .0002 
0.05-0.0008 
0.016-0 001 
0.12-0.004 
0 03-0.001 
0.05-0.02 
0.014-0.004 
0 . 12 - 0.001 
0 12 - 0.001 

(?) 

(?) 

0 003-0.0004 


380 

380 

380 

381 

380 

381 

381 

381 


380 

380 

379 

(?) 

379 


380 

379 

378 

380 

379 
379 
379 

379 

378 

380 
380 
380 

(?) 

380 

380 

377 

379 

380 
377 
380 

377 
380 
380 
379 

379 

378 

380 

380 

378 
376 
376 
226 

379 

(?) 

381 
376 
376 

(?) 

379 

378 


k(or A«) 

100 X 10“» 
8.6 X 10" 4 

1 1.04 X 10"* 
1 . 66 X 10" 4 
7.2 X 10" 4 
8.0 X 10"* 
8.7 X 10" 4 
8.8 X 10" 4 
3.1 X 10" 4 
3.6 X 10"* 

4.00 X 10"* 
7.4 X 10" 4 
4.3 X 10" 4 
4.2 X 10" 4 
4.09 X 10" 4 
4.3 X 10" 4 

4.72 X 10" 4 
5.3 X 10" 4 
1 X 10"‘ 

5.3 X 10"* 

7 10" 4 

1.55 X 10" 4 
5.45.X 10" 4 
1.62 X 10" 4 
2.46 X lO^ 4 
3.85 X 10" 4 
1.35 X 10" 4 
1.3 X 10" 4 

1 3.8 X 10"* 
1.52 X 10"» 
2.94 X 10"* 

3.1 X 10"* 

9 X 10"* 

2.25 X 10" 4 
1.6 X 10"* 

7 X 10" 4 
[7.2 X 10" 4 ] 
A 0.01 = 345 
3.7 X 10"* 

4.5 X 10" 4 
7 X 10" 4 
9.0 X 10" 4 
3.8 X 10" 4 
7.3 X 10" 7 

2.0 X 10" 4 

Ao. 0008 ** 345 
[3 . 63 X 10" 4 ] 
3.46 X 10" 4 
2.5 X 10" 7 
Ao.oi * 88.4 
Ao.oi B 0.15 
3 X 10" 4 
Ao.oi =“ 356 
Ao.oa “ 3(>2 
1 X 10"* 

5.9 X 10" 4 
5 0 X 10" 4 


Lit. 


I (*™» 417, 116) 
(*7«, 407, ill) 

(”«) 

(457) 

(S7I, 457, 515) 
(435) 

(45*) 

( 457 ) 

(435) 

(«» T ) 

(505, 535) 

(304) 

(435, 535) 

(73) 

(570) 

'375, 435) 

: 7J ); Cf- (» T# ) 

535, 500) 

204) 

435) 

130) 

375. 435) 

>) 

» 7 ) 

') 

IT ) 

") 

13, 375) 

(250) 

(360, 436) 

(130) 

(«*«); cf. (»»») 

(536) 

(436) 

(135) 

(333) 

(152) 

1 (505) 

(601) 

(503) 

I (»»*); cf. («•) 
(140) 

(140) 

(207) 

(434, 579) 

(426) 

( 7 ) 

( 7 ) 

cf. ( 33i ) 

( 358 ) 

( 107 ) 

( 105 ) 

( 392 ) 

( 20 ) 

( 145 ) 

(143) 

(155) 

( 27 ) 

( 524 ) 
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£-Table.— The <£ -Arrangement. — (i Continued ) 



Formula 

CtHioOi 
CtHioO* 
CtHioOi 
QH10O4 

C»HioO» 
C*HioOi 

C*HuO« 

CtHuN 


C»HiiNOi 

CtHnNO, 

CsHhNO, 

C*HiiNOi 

CtHiiNO»S 

CtHnNOiS 

C*HnNO#S 

C»HuNO»S 

CtHnNO* 

CtHuNi 

CiHuNjOj 

C»HitOj 

CgHuOa 

C»HijOi 

C»HiaOj 

CiHuOa 

CtHiiOa 

CtHijOa 

CaHijO* 

CtRMi 

CtH.,04 

C®H 11 O 4 

CgHiiO* 

CtHitOg 

C.H„0 4 

CgHiiO* 

CtHuOt 

C.H..04 

CgHnOg 

CgHiaO* 

C»H)|0* 

CgHuOe 

C»HiiOi 

C*HnO« 


Electrolyte 

Name 

A*-Tetrahydrophthalic acid 

A*-Tetrahydrophthalic acid 

cw-A^-Tetrahydrophthalic acid.. . . 
(rarw-A^Tetrahydrophthalic acid . . 


at-. 


Diacetyltartaric acid 

2, 4, 6-Trimethylpyridine 


CgHiaOa 

C»HiiOi 


Propyl cyanoacetoacetate 

Methyl cyanobutyrylacetate 

Methyl cyanoisobutyrylacetate.. . . 

Dimethylviolanic acid 

Dimethylaniline-4-sulfonic acid . . . 

Ethylaniline-3-sulfonic acid 

Ethylaniline-4-sulfoiiic acid 

1, 4, 2-Xylidine-5-8ulfonic acid . . . . 
Diethyl cyanomalonate . .• 

Dimethyl- p-phenylenediamine .... 
5, 5-Diethylbarbituric acid 

1- Cycloheptene-l-carboxylic acid. . 

2- Cycloheptene-l-carboxylic acid. . 
Cyclohexeneacetic acid (liquid 

isomer) 

Cyclohexeneacetic acid (solid 

isomer) * 

Dimethyldihydroresorcinol 

Heptic acid 

Isobutylfumaric acid 

Etnyl diacetoacetate 

Dicrotonic acid 

cia-Hexahydrophthalic acid 

Jrarw-Hexahydrophthalic acid 

cw-Hexahydroterephthalic acid... 
(rana-Hexahydroterephthalic acid . 

meso- Methylallylsuccinic acid 

p-Methylallylsuccinic acid 

Y-Methyl-7-ethylidenepyro tartaric 

acid 

Methylethylitaconic acid 

Methylpropylmaleic acid 

Methyiisopropylmaleic acid 

a, of Dimethyltricarballylic acid . . . 
a, a'-Dimethyltricarballylic acid (a 

acid, M. P. 206-7°) 

a, a ' -Dimethyltricarballylic acid (6 

acid, M. P., 174°) 

or, a'-Dimethyltricarballylic acid (c 
acid, M. P., 148°) 


Ethyltricarballylic acid. 
Hemo tricarboxylic acid: 

(а) M. P., 140-141°.... 

(б) M. P., 175-176°. . . 


t, °c 

c- Range 

Ao 

k(or Ac) 

yt. 

25 

0.016-0 001 

378 

7.4 X 10"‘ 

(«*«);</. (*•) 

25 

o.oa-o.oooi 

380 

5.70 X 10-* 

(») 

25 

(?) 

379 

6.2 X 10"< 

( J ) 

25 

(?) 

379 

1.18 X 10- 4 

(27) 




1.30 X 10" 4 

( S ) 

25 

0.03-0.001 

376 

3.95 X 10- 4 

(292, 978) 

25 

0.03-0.002 

376 

4 1 X 10' 4 

(22, 292) 



8 X 10" 4 

(578) 

25 

0.85-0.001 

379 

A0.01 — 229 

(147, 577) 

10 

0.10-0.007 

171 

1.22 X 10" 7 

(383) 

15 

0.10-0.007 

191 

1.42 X 10~ 7 

(383) 

• 

25 

0.10-0.007 

229 

2.05 X 10~ 7 

(383) 

25 

0.11-0.014 



(207) 

40 

0.10-0.007 

290 

3.05 X 10- 7 

(383) 

50 

0.10-0.007 

330 

3 . 75 X 10~ 7 

(368) 

25 

0.008-0.001 

378 

5.7 X lO" 4 

(214) 

25 

0.008-0.001 

377 

6.1 X lO" 4 

(214) 

25 

0.002-0.001 

377 

4.9 X 10” 4 

(214) 

25 

0.03-0.004 

378 

3.94 X 10~ 6 

(348) 

25 

0.06-0.002 

376 

3.68 X 10’ 4 

(165) 

25 

0.03-0.001 

379 

1.59 X lO’ 4 

(205). 

25 

0.03-0.001 

379 

1.25 X lO' 4 

(205) 

26 

0.016-0.001 

379 

4.32 X 10~ 4 

(436) 

25 

0.016-0.0005 

376 

Ao.ou = 283 

(213) 

25 

0.08 

(?) 

Ao.oa ^ 0.19 

(230) 

25 

0.016 

378 

3:7 X 10~« 

(824) 

25 

0.004-0.001 

379 

9.8 X 10-* 

(486) 




8.2 X lO” 4 

(616) 

25 

0.016-0.002 

379 

2.60 X lO" 6 

(486) 

25 

0.02-0.001 

378 

2.55 X 10-* 

(635) 

25 

0.02-0.001 

378 

2.45 X 10" 6 

(638) 

25 

0.016-0.001 

377 

7.1 X 10‘« ' 1 

(508) 

25 

0.008-0.002 

376 

8.2 X 10~» 

(569) 

25 

0.008-0.001 

378 

9.1 X lO" 4 

(577) 

25 

0.008 

(?) 

[Ao.ooa =“ 3.5] 

(213) 

25 

(?) 

(?) 

2.8 X lO" 4 

(443) 

26 

(?) 

378 

4.4 X 10 -6 

(27) 

25 

(?) 

378 

6.2 X 10' 4 

(* 7 ) 

25 

0.015-0.0005 

377 

2.91 X 10-* 

(524) 

25 

0.005-0.0006 

377 

4 . 48 X lO" 4 

(824) 

25 

0.06-0.0005 

377 

2 . 28 X 10“ 4 

(288) 

25 

0.06-0.0005 

377 

2.40 X lO" 4 

(268) 

25 

0.02-0.0007 

376 

1.10 X 10" 4 

(530) 

25 

0.007-0.0005 

377 

1 . 47 X 10- 4 

(524) 

25 

0.016-0.001 

379 

7.2 X 10“» 

(338) 

25 

0.016-0.001 

379 

1.5 X 10- 4 

(335) 

25 

0.04-0.005 

375 

3.15 X 10- 4 

{»«) 

25 

0.03-0.004 

377 

4.3 X 10“* 

(»». 630) 

25 

0.05-0.006 

377 

5.4 X 10-* 

(96, 830) 

25 

0.05-0.006 

377 

5.6 X lO” 4 

(98) 




5.1 X lO' 4 

(830) 

25 

0.03-0.001 

376 

3.1 X 10~* 

(578) 

25 

0.03-0.001 

378 

[2 . 48 X 10~ 4 ) 

(334, 337) 

26 

0.03-0.001 

378 

(2.44 X 10- 4 J 

(334, 337) 
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Electrolyte 

Formula 

Name 

OH u N0 4 

Tropic acid 1 

CsHuO. 

Cycloheptanecarboxylic acid . . 

C 8 H u Ofl 

Cyclohexaneacetic acid 

G*H 14 0 i 

l-Ethylpentamethylene-2-carboxy- 

lic acid 

CfH u Oi 

l-Methylcyclohex&ne-l-carboxylic 

acid 

C,HuO. 

cis - 1 - M 0 1 h y 1 cyclohexaner 2 -car- 
boxylic acid , 

CfH u O» 

• 1 
<ra?is-l-Methylcyclohexane- 27 car- 

boxylic acid 

CiHuOt 

l-Methylcyclohexane- 3 -carboxylic 

acid 

C1H14O- 

l-Methylcyclohexane- 4 -carboxylic 

acid 

CsHuO* 

1 

Ethyl ethylacetbacetate 

CSH14O4 

Monoethyl adioato. ... 

CVH14O4 

Isoamylmalonic acid... . 

CgHuOf 

Isobutylauccinic acid. ... 

CfHifOf 

DiethyLuccinic acid 

CtH| 4 0 4 

/um.-sy/n.-Diethylsuccinic acid. ... 

CfHuOi 

(< 

moZ;-aj/m.-Diethylfluccinic acid. . . . 

CsHu^i 

a-sym.-Diruethyladipic acid 

CfHuOi 

0 -*ym.-Dimethylac/ipic acid 

CfHuOi 

Dimethylethylfluccinic acid. . 

CfHuOi 

Dimethyl- H-ethylmiccinic acid. ... 

CfHuOf 

a-Ethyladipic acid 

CfHuOi 

Ethylpropylmalonic acid 

CfHuOi 

Ethylisopropylmalonic acid 

CaHuOf 

Methylbutylmalonic acid. . . 

CfHuOi 

Methylisobutylmalonic acid 

CfHuOi 

m 6 8 0 - a- M e t h y l-a'-ethy Iglu taric 

acid. 

CfHuOf 

/ 3 -Methyl-tt-ethylglutaric acid 

CfHuOf 

0 ^Methyl- 0 -ethylglutaric acid 

CfHuOf 

a-Methylpimelic acid 

CgHuOf 

c i 8 ~s y m.-Methylisopcopy [succinic 


acid 

CfHuOf 

frana-sj/m.-Methylisopropylfluccinic 
acid 1 

CfHuOf 

ois-a, a -Methylpropylsuccinic acid 

CfHuOf 

trans-a, a'-Methylpropylauccinic. 
acid 

CfHuOf 

of-Propylglutaric acid 

CfHuOf 

f 

a-Isopropylglutaric acid 

CfHuOf 

d-Isopropylglutaric acid 

GfHuOf 

Suberic acid 

CaHifOf 

Tetramethylsuccinic acid 

CfHuOf 

Monomethyl trimethylsuccinate. . . 

CfHifOf 

0 

a, a, a-Trimethylglutaric acid. . . . 

CfHuOf 

a, p, 0 -Trimethylglutaric kcid" 

CfHifOf 

or-Dimethyldihydroxvndipic ajid. . 

CfHifOf 

y-Dimethyldihydiovy a.dl PIC acid . . 

C,H, 4 NO 

Tropine 

CfHieOt 

Caprylic acid 

CfHifOf 

Diisopropylglycolic acid 


ti Q C 


25 


25 


25 


25 


25 


25 


(?) 


25 


(?) 


(?) 

(?) 

10 

25 

50 

25 

0-65 

25 


c- Range 

0.03-0.001 
0.004-0.001 
0.005-0.0009 

0.015-0.001 

0.008-0.001 

0.005-0.0006 

0.02-0.0006 

0 . 02 - 0.001 

0.005-0.0006 
0.008-0 004 
0.01-0. f'007 
0.06*-0 001 
0.03-0.001 
0.03-0.001 
0.03-0.001 
0.03-0.0007 
0 . 02 - 0.002 
0.04-0.003 
0.03-0.001 
0.03-0.002 
0.02-0.0013 
0 06-0.001 
0.03-0.001 
0.06-0.001 
0.03-0.001 

0.03-0.001 

(?) 

0.03-0.001 

(?) 


A 0 


25 

0.01-0.0014 

25 

0.006-0.0008 

25 

0.008-0.001 

25 

0.004-0.0005 

24.4 

0.016-0.001 

25 

0.05-0.0009 

(251 

(?) 

25 

0.016-0 0005 

25 

* 0 012- u . 0005 

25 

0.06-0.007 

25 

0.01-0.0007 

25 

0.03-0.001 


(?) 

(?) 

0.06-0.01 

0.Q6-O.01 

0.06-0.01 

0.004-0.001 

0.002-0.0005 

0.03-0.001 


378 


378 


378 


378 


378 


375 

375. 

375 


376 


k ( or At) 

4.2 X lO" 4 
120 X 10'* 
2 . 32 X 10“» 

1 .09 X lO'* 

6.8 X 10-« # 
1.61 X 10"« 

2.01 X 10-* 
1.26 X 10-* 

1.09 X 10-* 
Ao.oos *=0.07 

2.5 X lO'* 

1 . 22 X 10“* 
8.65 X 10“* 

3 . 79 X 10” 4 
2.32 X lO" 4 
3.41 X 10' 4 

4.1 X lO'* 
4.1 X lO'* 
5.50 X 10“ 4 
5.7 X 10-* 

4.0 X 10“* 

8.9 X 10-* 

1.05 X lO"* 

1.80 X 10“* 

3.0 X lO"* 

5.5 X J0“* 
6.7 t X 10“» 
2.44 X lO' 4 
3.1 5 X It)'* 

6 . 6 OC 10" 4 

1.56 X KT 4 

2.95 X lO” 4 

t . 45 X 10“ 4 
5.8 X 10- 4 
5.40 X lO" 4 
6.46 X 10' 4 

2.96 X lO'* 


376 


3.08 X 10“ 4 

2.65 X lO' 4 
3.4 X lO” 4 
1.44 X 10" 4 
3.17 X 10' 4 
3.30 X lO' 4 
1 . 87 X lO' 4 
2.74 X lO” 4 
3.89 X lO” 4 
1.41 X 10- 4 

1.27 X lO" 4 


(«!•) 

(«J») 

(«») 

(ill) 

(•!«) 


(•If) 

(«3S) 

(•«) 

(*••) 

(*.*) 

(MO) 

(»«», ITT) 

(»") 

(1>0, 077, 011) 
(MO, 077, Oil) 
(OH) 

(Oil) 

(07, 077) 

( 00 ) 

(Ml, 

(MO, OM) 

(MO) 

(MO, 

(MO) 

# 

(00, 077) 

(441) 

(0104) 

(Oil) 


( 00 ) 

(Ml) 

(0, Ml) 

(**•) 

(40, 110, M4, 

»oo )\ef. ('»' 

410) 

(4ti it, 

#•1) 

(100) 

(4t, it) 

(JO) 

(•J4) 

(•34) 

(Jif) 

(*••> 

(Jif) 

(JOO) 

(«•••« I) 

(Sii) 
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C -Table. —The £ -Arrangement — (Continued) 


Formula 
CiHiaOs 

CaHi«Oa 
CsHitN 

c,h 19 n 

CtHuNO 
C 9 H 6 NO. 

C,H*N0 4 
C*H*NOa 


C,H 7 IO, 

c 9 h 7 io* 

C*H 7 IO a 

c*h 7 no* 

c 9 h 7 no, 

c,h 7 no, 

c 9 h 7 no« 

c*h 7 no* 

c 9 h 7 no* 

CANOiS 

C,H 7 N06S 

C.H 7 NOiS 

c*h 7 no. 

c,h 7 no 4 

c»h 7 no. ' 

c*h 7 no. 

c,h 7 no. 

c,h 7 no* 

c 9 h 7 no. 

c,h 7 no. 

c,h 7 no. 

c 9 h 7 n,o 8 

CtHaBraOa 


Electrolyte 

Name 

a- D im e thyl-0-isopropylethylene- 

lactic acid 

a-Hydroxycaprylic acid 

d-Coniine 

Diisobutylamine 

Tetraethylammonium hydroxide . . 
Isonitroscrdiketohydrindene 

o-Nitrophenylpropiolic acid 

Pyridine-2, 3, 4, 5-tetracarboxylic 
acid 


QHeNjOa 

Benzoylpseudo-a, /3'-furazane 

C,H*N,0. 

Phenylazoxazolecarboxylic acid . . . 

C*HeN t O. 

Phenyloximino-syri-oxazolone 

C.H.O, 

Phenylpropiolic acid 

c*h*o 6 

Phthalonic acid 

C 9 H«Oe 

Trimellitic acid 

C,HeO« 

Trimesic acid 

C 8 H 7 BrOi 

a-Bromocinnamic acid 

C,H 7 BrO* 

0-Bromocinnamic acid 

C*H 7 Br0 4 

l-Monomethyl 2-bromoterephthal- 
ate 

C*H 7 Br0 4 

4-Monomethyl 2-bromoterephthal- 
ate 

C,H 7 B rj FO, 

a, /3-Dibromo-a-fluorohydrocinna- 
mic acid 

CtHrClO, 

/3-Chloroallocinnamic acid 

C 9 H 7 C10, 

/3-Chlorocinnamic acid 

c 9 h 7 cio* 

1-Chlorocinnamic acid 

C 9 HtC10, 

l*-Chlorocinnamic acid 

C*H 7 FO a 

a-Fluorocinnamic acid 

C,H 7 IO* 

a-Iodoallocinnamic acid 


/3-Iodoallocinnamic acid 

a-Iodocinnamic acid 

0- Iodocinnamic acid 

Pr-2-(a)-Indolecarboxylic acid .... 

Pr-3-(/3)-Indolecarboxylic acid 

Phenyl-syn-oxazolone 

2, 3, 4-Trihydroxyquinoline 

1- Trimellitamic acid 

2- Triraellitamic acid 

0- Benzoylsulf oglycine 

Mono-(C)-methyl sulfimidephthal- 

ate 

Mono-(AT)-methyl sulfimidephthal- 

ate 

2-Methylpyridine-3, 5, 6-tricar- 

boxylic acid 

4-Methylpyridine-3, 5, 6-tricar- 
boxylic acid 

1- Monomethyl 2-nitroterephthalate 
4- Monomethyl 2-nitroterephthalate 

1- Monomethyl 3-nitrophthalate. . . 

2- Monomethyl 3-nitrophthalate. . . 
1-Monomethyl 4-nitroisophthalate 

3- Monomethyl 4-nitroisophthalate 
?-Monomethyl 4-nitrophthalate . . 
C-Phenylosotriazolecarboxylic acid 


Ethyl 2-chloro-0-bromogallate 


t, °C 

c-Range 

Ao 

fc(or A<) 

Lit 

25 

0.03-0.0009 

376 

# 

2.16 X 10‘ 6 

(550; 

25 

0.008-0.0005 

377 

1.55 X 10~ 4 

(88) 

25 

0.06-0.004 

226 

1.05 X 10~ 3 

(104, 392, 629 

25 

0.016-0.004 

225 

3.9 X 10" 4 

(104) 

25 

0.06-0.004 

230 

Ao.oe “ 188 

(433) 

25 : 

0.006-0.001 

378 

1.8 X 10- 4 

(235) 




1.0 x io-« 

(329) 

25 

0.004-0.001 

376 

1.01 X 10“ 2 

(436) 

25 

0.004-0.0002 

(?) 

A 0.004 =* 497 

(436) 

25 

0.005-0.001 

378 

3.2 X 10~ 2 

(80) 

25 

0.016-0.002 

376 

3 X 10- 2 

( 2 “) 

25 

0.002-0.001 

376 

1.85 X IO" 4 

(244) 

25 

0.016-0.001 

378 

5.8 X IO" 3 

(436) 

0-65 

0 . 008-0 . 0005 



(526) 

25 

0 20-0.001 

378 

2.5 X lO" 2 

(69, 540) 

25 

0.03-0.001 

378 

3.2 X IO" 3 

(601) 

25 

0.02-0.0006 

378 

Ao.009 = 91.0 

(49) 

25 

0.002-0.0005 

378 

9.1 X 10“ 4 

(436) 

25 

0.009-0.001 

378 

1.4 X IO" 2 

» 

(436) 

25-99 

0.008-0.001 



(506) 

25 

0.002-0.0005 

378 

3.7 X 10~ 4 

(598) 

25 

0.004-0.001 

378 

5 X IO" 3 

(598) 

25 

0.016-0.002 

374 

Ao.oic =* 347 .7 

(546) 

25 

0.0014-0.0007 

377 

2.8 X 10~ 4 

(412) ■ 

25 

0,003-0.0007 

377 

2.7 X 10“ 4 

(412) 

25 

0.005-0.0012 

377 

1.1 x io- 2 

(412) 

25 

0:004-0.0005 

377 

1.0 X 10“ 3 

(412) 

25 

0.004-0.001 

375 

1.9 X IO -3 

(546) 

[25] 

0.001-0.0006 

377 

5.8 X 10~° 

(294) 

(25) 

0.0004 

377 

2.3 X10- 8 

(294) 

[25] 

0.0009-0.0004 

377 

5.0 X 10"* 

(294) 

[25] 

0.001-0.0007 

377 

4.0 X 10" 6 

(294) 

25 

0.000-0.0007 

377 

1.74 X IO” 4 

( 7 ) 

25 

0.0014-0.0004 

377 

5.4 X 10" 6 

( 7 ) 

25 

0.002-0.001 

378 

5.3 X 10-* 

(244) 

25 

0.0008 

(?) 

• 

(M 

II 

• 

o 

< 

(569) 

25 

0.03-0.0005 

378 

4.4 X 10 -4 

(601) 

25 

0.03-0.0005 

378 

7.5 X IO" 4 

(601) 

25 

0.03-0.001 

(?) 

[Ao.oi = 0.09] 

(374) 

25 

0.025 

375 

3.1 X IO’ 2 

(« 37 ) 

25 

0.025 

375 

3.8 X IO" 3 

(« 37 ) 

25 

0 008-0.0002 

(?) 

A 0.008 = 298 

(436) 

25 

0.008-0.0002 

(?) 

Ao.oos = 365 

(436) 

25 

0.004-0.001 

377 

7.6 X IO" 4 

(598) 

25 

0.016-0.001 

377 

1.9 X IO" 2 

(598) 

25 

0.016-0.001 

377 

1.6 X 10“ 2 

(598) 

25 

0.008-0.001 

377 

2.0 X IO' 3 

(598) 

25 

0.004-0.001 

377 

1.05 X IO" 2 

(6«1) 

25 

0 . 002-0 . 0005 

377 

8.3 X 10“ 4 

(601) 

25 

0.016-0.001 

377 

4.6 X 10-* 

(598) 

20 

0.004 ’ 

(?) 

Ao.oo4 =94.9 

(429) 

0-40 

0.004 


• 

(429) 

25 

i 0.03-0 004 

373 

2 X 10“ 6 

(135) 
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<1 -Table. — The C-Arrangement— (Continued) 



Electrolyte 


c- Range 

Formula • 

Name 

t, °c 

C 9 H 8 Br a O* 

Ethyl dibromogallate 

25 

0.016-0.002 

C^HgCljOi 

Dichloroveratric acid 

25 

0.001-0.0002 

C 9 H 8 Cl a O* 

Ethyl 2, 6-dichlorogallate 

25 

0.03-0.004 

C*HaN,O a 

m-Methyl-a-benzimideazolecar- 




boxylic acid 

(25) 

0.005-0.0013 

C,HaN a O a 

a-Methyl-m-benzimideazolecar- 

• 



boxylic acid 

25 

0.0014-0.0007 

C 9 H 8 N a 0 4 

Phthaluric acid 

25 

0.016-0.001 

Ca^NaO, 

2, 3-Dimethoxy-5, 6-dinitrobenzoic 




acid 

25 

0.004-0.001 

C®HiO a 

Atropic acid 

25 

0 . 008-0 .0005 

C,H # O a 

Cinnamic acid 

25 

0.004-0.0004 



0-99 

0 . 002-0 0005 

C 9 H,O a 

Allocinnamic acid (M. P., 68°). . . 

25 

0.02-0.001 

C,H,O a 

Isocinnamic acid (M. P., 42°) 

25 

0.02-0.001 

C 9 H,O a 

Ieocinnamic acid (M. P., 58°) 

25 

0.02-0.001 

C.H,O a 

helero-a - Cinnamic acid., 

25 

0.003-0 0004 

C 9 H 8 O a 

hetero- 0-Cinnamic acid 

25 

0 . 003-0 . 0004 

C,H*O a 

atorax-a-Cinnamic acid 

25 

0.003-0.0008 

C 9 H 8 O a 

sforax-d-Cinnamic acid 

25 

0.004-0.0004 

CaHaO, 

o-Coumaric acid 

25 

0.004-0.001 



0-65 

0.004-0.0005 

C 9 H 8 0, 

alZo-p-Coumaric acid 

25 

0.024-0.002 

CaHaO, 

p-Coumaric acid 

25 

0.008-0.001 

CaHaOi 

o-Acetoxy ben zoic acid 

25 

0.016-0.001 



0-50 

0.008-0.0005 

C,H,0 4 

m^Acetoxy ben zoic acid 

25 

0.004-0 001 



0-35 

0.008-0.0005 

CaHaOa 

p- Ace toxy ben zoic acid 

25 

0 016-0 001 

CaHaOa 

Horaophthalic acid 

25 

0 03-0 OOI 

CaHaOa 

Monomethyl phthalatc 

25 

V . UO V/ • W A 

0.01-0.0012 

C»H*0 4 

Monomethyl isophthalate 

25 

0.002-0.0005 

CaH,0 4 

Umbellic acid 

25 

0.008-0.001 

CaHaO« 

sym.-Uvitic acid 

25 

0.004-0.0005 

CaHaOa 

1-Monomethyl 4-hydroxy- 




phthalate 

25 

0.01-0.0007 

CaHaO. 

2-Monomethyl 4-hydro xy- 




phthalate 

25 

0.016-0.001 

CaHaOa 

1-Monomethyl 2-hydroxytere- 




phthalate 

25 

0. 001^0.0006 

CaHaO* 

4-Monomethyl 2-hydroxytere- 

\ 



phthalate 

25 

0.004-0.001 

CaHaOa 

4-Methoxyisophthahc acid 

25 

0.002-0 0005 

CaHaOa 

Carboxydehydroacctic acid 

25 

0.006-0 0016 

C*HaBrO a , 

0-Phenyl-a-bromopropionic acid. . . 

25 

0.01-0. 0005 

CaHaClOa 

a-C h 1 o r o-0-hydroxyphenylpro- 




pionic acid 

25 

0.06-0.001 

C»H,C10i 

2-Ethoxy-5-chlorobenzoic acid .... 

25 

0.0011-0.0003 

CaHaCIO, 

Ethyl 2-chlorogallate 

25 

0 04-0.005 

CaHa^O, 

o-Acetylaminobenzoic acid 

25 

0.008-0.001 

CaH.NO, 

m-Acetylaminobenzoic acid 

26 

0.004-0.001 

CaH.NOa 

p-Acetylaminobenzoic acid 

25 

0.004-0 001 

C.H.NO, 

Benzoylaminoacetic acid 

25 

0.03-0.001 



0-65 

0.008-0.0005 

CaH.NO, 

1-Homoph thalamic acid 

25 

0 002-0.001 

C»HaNO, 

2-Homophthalamic acid 

25 

0.004-0.001 

CaH.NOa 

Malonanihc acid 

25 

0 016-0 001 

CaHaNOa 

<^Oxiinino-0-phenylpropionic acid . 

25 

0 03-0 .004 


Ao 


374 

376 

374 


(?) 


375 

376 


376 

378 

378 


378 


378 


378 


378 

378 

378 

378 

378 


378 

378 


377 


377 


377 

378 

377 

378 
378 
378 


377 


377 


377 


377 

378 
376 
378 


376 

376 

376 

376 

376 

376 

376 


378 

378 

376 

377 


A:(or A<) 


1.5 X 10-* 

[1 X io-«] 

4.1 X 10-* 


1.07 X 10-« 


1.00 X io-» 

2.84 X 10~ 4 


4.4 X 10~ f 
1 . 40 X 10" 4 
3.51 X 10-* 
3.65 X 10“* 


1.39 X 1(R< 


1.35 X 10“ 4 


1.38 X lO" 4 


3.5 X lO" 5 
3.53 X 10“ 4 
3.56 X 10-* 

3.6 X 10* 4 
2.4 X lO” 1 


2.7 X lO"* 

2.6 X lO" 4 
Ao.ooi ■ 320 
1.67 X lO"* 


2.40 X iar # 

1.31 X lO* 4 
178 X 10-* 

2.31 X lO'* 
8.4 X lO" 4 

5.07 X 10~ 4 
2 . 16 X 10~ 4 



5.0 X 10- 4 

8.7 X 10' 4 


( 135 ) 

(* 35 ) 

( 1 3 «) 


(33) 


(36) 

(436) 







(601) 

(436) 

(169, 436) 
(486) 

(506, 526, 609) 

(«. U1 );4- 

(3b», 488) 
(81, 345, 396, 
399) 

(51, 399); 

(26, 436) 
(168) 

(168) 

(168) 

( 168 ). 

(578);^. (436) 



(526) 

8.0 X 10" 4 

(488) 

2.14 X l'0-‘ 

(436) 

2.25 X 10- 4 

(488) 

3.3 X lO" 4 

(438) 


(526) 

9.68 X 10" 4 

(436) 


(525) 

4.15 X 10" 4 

(436) 

1 . 88 X 10" 4 

(1 56, l 

6.55 X 10' 4 

(582) 

1.28 X 10' 4 

(601) 

1.85 X 10'» 

(436) 

3.0 X 10' 4 

( 49 ) 

1.52 X 10' 4 

(• 01 ) 

2 . 02 X 10" 4 

(598) 

2.60 X 10" 4 

(598) 


(598) 

(457) 

(444) 

(514) 


(523) 

(135) 

(135) 

(436) 

(436) 

(436) 

(378, 436, 622) 
(528, 609) 
(540) 

(540) 

(436) 

(166) 
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(£ -Table.— The <£ -Arrangement.— (Continued) 


Electrolyte 


Formula 


Name 


C.H 9 NOi 

C 9 H,N 04 

C,H,N0 4 

C,H»N0 4 

c 9 h 9 no 4 

C*H 9 N0 4 

c*h 9 no 4 

C 9 H 9 N 0 4 

c 9 h 9 no 4 

C 9 H 9 N 0 4 

c 9 h 9 no 4 

c 9 h 9 no« 

c 9 h 9 no« 

C 9 H 9 NOs 

c 9 h 9 no 6 

c 9 h 9 n,os 

c 9 h 9 n 3 os 

c 9 h„n 3 o 2 

c.h 9 n,o 2 

C 9 HioO, 

C 9 H l 0 O 2 

c 9 h 10 o, 

CiHioOj 
C 9 H ioO« 

C 9 Hio0 2 

c 9 h 10 o 2 

c 9 h 10 o, 

c 9 h 10 o, 

C 9 HioO, 

C 9 H,oO, 

C 9 H 10 Os 

c 9 h 10 o, 

C 9 HioO* 

C 9 HioOs 

C^HioOj 

C 9 Hi 0 O 3 

C 9 H 10 Oi 

C 9 Hio0 3 

C 9 Hi 0 O 3 

C 9 HioO| 

c 9 h 10 o, 

C 9 H,oO, 
C 9 H 10O4 

C^H 10O4 

C 9 H 10O4 
C»H 10O4 

C 9 HioOi 

CtHuNO 

CiHuNOj 

CiHuNOt 

CiHnNO* 

c,h»,no 2 

C.HhNO« 


p-Tolyloxamic acid 

1-Monomethyl 2-aminoterephthal- 

ate .* 

4-Monomethyl 2-aminoterephthal- 

ate 

1- Monomethyl 4-aminoisophthal- 

ate 

3-Monomethyl 4-aminoisophthal- 

atc 

a, a-Dimethylcinchomeronic acid . 
2, 4-Dimethylpyridine-3, 5-dicar- 

boxylic acid 

2, 6-Dimethylpyridine-3, 6-dicar- 
bortylic acid 

2- iV-Methvlaminoterephthalic acid 
Phenylglycine-o-carboxylic acid . . . 
Monoethyl pyridine-3, 4-dicar- 

boxylate 

2- Nitro-3, 4-dimethoxybenzoic acid 

3- Nitro-2, 5-dimethoxybenzoic acid 

6-Nitro-2, 3-dimethoxvbenzoic acid 
6-Nitroveratric acid 

4- Methyl- l-phenyl-3-thiourazole.. . 

1- Phenyl-3-methylthiourazole 

2- Methyl- 1-phenylurazole 

4-Methyl- 1-phenylurazole 

2, 4-Dimethylbenzoic acid 

2, 5-Dimethylbenzoic acid 

2, 6-Dimethylbenzoic acid 

3, 5-Dimethylbenzoic acid 

o-Ethylbenzoic acid 

Hydratropic acid 

Hydrocinnamic acid 


o-Ethoxybenzoic acid 

m-Ethoxybenzoic acid 

p-Ethoxybenzoic acid 

p-Hydrocoumaric acid 

4- Methoxy-We-toluic acid 

6-Methoxy-m-toluic acid 

5- Methoxy-o-toluic acid 

3-Methoxy-p-toluic acid 

a-Phenoxypropionic acid 

0-Phenoxypropionic acid 

^-Phenyl-a-hydroxypropionic acid . 
/3-Phenyl-/3-hydroxypropionic acid . 

LPhenylmethoxyacetic acid 

Phlo retie acid 

Tropic acid 

p-Xylenecarboxylic acid 

Dehydrodiacetyllevulinic acid 

0-Phenylglyceric acid (M. P., 141°) 
0-Phenylgly ceric acid (M. P., 121°) 

Veratric acid 

Ethyl gallatc 

Hydro xyhydrindamine 

a-Anilinopropionic acid 

/3-Aniiinopropionic acid 

o-Dimethylaminobenzoic acid 

7n-Dimethylaminobenzoic acid. . . . 
p-Dimcthylaminobenzoic acid 


I, °C 
25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

0-65 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 


o- Range 
0. 008-0. 00"l 

0.001-0.0005 

0 . 002 - 0.001 

0.001-0.0005 

0.001-0.0005 

0.012-0.0007 

0.008-0.002 

0.008-0.001 

0.0016-0.0003 

0.007-0.0005 

0.06-0.0008 
0 . 0025-0 . 0006 
0.0016-0.0008 
0.01-0.0006 
0.008-0.002 
0.004-0.002 
0.001-0.00025 
0.008-0.001 
0.002-0.0005 
0.001-0.0005 
0 . 002 - 0.001 
0.008-0.001 
0.0012-0.0005 

0.004-0.001 
0.016-0.001 
0.016-0.001 
0.03-0.0005 
0.008-0.002 
0 . 002 - 0.0002 
0.0005-0.0002 
0.008-0 001 
0 . 006-0 . 0005 
0.0005-0.0002 
0.0005-0.0002 
0.004-0.0002 

(?) 

(?) 

0 . 12 - 0.001 

0 . 12 - 0.001 

0.03-0.001 

0.016-0.001 

0.03-0.001 

0.0016-0.0008 

0.004-0.0005 

0.5-0.004 

0.5-0.004 

0.004-0.001 

0.03-0.004 

0.03-0.004 

0.008-0.001 

0.005-0.0012 

0.125 

0.008-0.001 

0.0004 


376 

377 

378 
377 

377 

378 

378 

378 

377 

377 

378 
376 
376 
376 

376 
378 
378 
378 
378 
378 

378 

379 
379 

379 

378 

378 

378 

378 

378 

378 

378 

378 

378 

378 

(?) 

(?) 

378 

378 

378 

378 

378 

378 

377 
376 
376 

378 
376 
220 
376 

376 
378 
378 

377 


k(OL\<) 

8.3 X 10" a 

1.6 X 10' 4 
5.46 X 10-* 

4.4 X 10"‘ 

2.65 X 10“* 

1.65 X 10-’ 

5.0 X 10-* 

3.4 X 10-* 

2.8 X 10‘ 4 
2.25 X 10- 4 

4.8 X 10-< 

7.9 X 10" 4 

1.7 X 10”« 
A 0.01 — 237.3 

3.2 X 10" J 
[Ao.004 = 319] 

1.2 X lO' 7 

6.6 X 10“* 

1.2 X 10-* 

9 X 10" 6 

1.2 X 10' 4 

6.2 X lO' 4 

4.7 X 10"* 

7.1 X 10-* 

1.7 X lO" 4 
4.16 X 10"‘ 
2.23 X 10~ 6 

7.0 X 10-* 

9.0 X 10-* 

5.0 X 10"* 
1.71 X 10-* 

6.65 X 10" 6 

3.4 X lO" 5 

5.2 X 10“‘ 

4.04 X 10“» 
7.75 X 10~ 4 

5.4 X 10-* 
1.85 X 10" 4 
3.90 X 10" 6 

7.4 X lO' 4 

2.01 X 10“ 6 

7.7 X 10“» 
6.0 X 10“ 4 

6.7 X 10-‘ 

2.35 X 10’ 4 

2 . 54 X lO" 4 

3.54 X 10-‘ 

9 X lO" 4 

1.35 X 10”« 

2 .05 X 10“* 

3.8 X 10-» 
Ao.m = 0.065 
6 X 10-* 

8.5 X 10”* 


Lit 


( 436 ) 

( 601 ) 

( 540 ) 

( 601 ) 


( 601 ) 

( 413 ) 

( 436 ) 

( 436 ) 

( 540 , 601 ) 
( 394 ) 

( 49 ) 

( 323 ) 

( 323 ) 

( 323 ) 

( 49 ) 

( 6 ) 

( 6 ) 

( 6 ) 

( 6 ) 

( 451 ) 

( 451 ) 

( 290 ) 

( 49 ) 

( 451 ) 

( 451 ) 

( 436 ) 

( 436 ) 

( 526 ) 

( 457 ) 

( 457 ) 

( 457 ) 

( 436 ) 

( 457 ) 

( 457 ) 

( 457 ) 

( 457 ) 

( 56 ) 

( 56 ) 

(1 79 , 195 ) 

( 10 , 79 , 195 ) 
( 195 , 389 ) 

( 436 ) 

( 378 ); c /. ( 436 ) 
( 378 ) 

( 381 ) 

( 75 ) 

( 75 ) 

( 436 ) 

( 135 ) 

( 459 ) 

( 579 ) 

( 579 ) 

( 140 ) 

( 140 ) 

( 197 ) 
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Formu la 

CeHuNO* 

CjIIuNOa 

C*H,iNOj 

CfHuNO* 

C,H„N0 4 8 

C9II11NO4S 

c.h 12 ^no 6 

CoH uN jO 

c 9 h I2 n 2 o 

C»H nOj 

c 9 h 12 o,s 

c 9 h 12 o 4 

C 9 H ia N 

CJLaNOa 

CaHuNOa 

C»H , *0, 

CfHuO* 

CJIhO, 

CaHuOt 

CaHuO* 

CaHuOa 

C # HuO, 

CoH, 4 0 4 

C 9 H I4 0 4 

C*Hh0 4 

c,h 14 o 4 

C,H m 0 4 

C«Hi 4 0 4 

C,H 14 0 4 

CaHi 4 0t 

C 9 H l4 0» 

CaHuO. 

CaH| 4 0i 

CjBuO* 

C*Hi 4 0 4 

CaHnO# 

CaHi 4 0a 

CaH 14 0 4 

CaH 14 0e 

CtHuOe 

CaH 14 0 7 

CaHi 4 07 

CaH l6 NO 

CaHuNO, 

CaHuN0 2 

CaHuNOi 

CaHuO* 

CaHieOa 

CaHuOa 


<£-Table. — The <L 

Electrolyte 

Name 

d/-Phenyl-a-aminopropionic acid. . 25 

o-Tolylaminoacetic acid 25 

p-Tolylaminoacetic acid 25 

p-Hydroxypheny 1-a-amino-pro- 

pionic acid 25 

o-Toluenesulfoneaminoacetic acid. . 25 

p-Toluenesulfoneaminoacetic acid , 25 

Methotfyacetarsanilic acid 25 

0-Ethyl- A-phenylpseudourea 25 

Pseudocumenediazonium hydrox- 
ide 0 

Phenoxymethylglycol 25 

2-P8eudocumene-5-suifonic acid ... 25 

Diallylmalonic acid 25 

Dimethylbenzylamine 25 

Isobutyl cyanoacetoacetate 25 

Methyl cyanoisovalerylacetate. . . .’ 25 

cw-*rans-e#-Campholytic add 25 

Isocampholytic acid 25 


J-Campholytic acid 

Lauronolic acid 

A l -Tetrahydro-2, 6-dimethylben- 

zoic acid 

A 3 - v retrahydro-2, 6-dimethylben- 

zoic acid. . v 

Iaooctic acid 

AUylpropylmalonic acid 

Ally lisop ropy lrralonic acid 

mc«o-s2/m.-Ethylail> lsuccinic acid. 
p-st/m.-Ethylallylsuccinic acid 
Cyclopentane-1, 1-diacetic acid... . 
spm.-Tetramethyl-/3-hydroxyglu- 

taric acid lactone (a acid) 

tym.-T etramethy 1-2-hydroxyglu-l 

taric acid lactone (6 acid) 

£-Camphoronic acid 

a, a , -Dimethyl-/3-acetoxyglutaric 
acid 

a, $-Dimethylbutane-a,/9,£-tricar- 
boxylic acid 

a(?)-Monomethyl a, a-dimethyl- 
tricarballylate 

0(?)-Monomethyl a, a-diraethyl- 

tricarballylate 

Methylethylcarboxyglutaric acid. . 

Propyltricarballylic acid 

Isopropyltricarballylic acid 

Terpylonic acid; 

or, a, 7-Trimethyltricarballyiic acid 
?> ?, ?-Trimethyltricarballylic acid. 

a-Hydroxycamphoronic acid 

0-Hydroxycamphoronic acid 

Trimethylphenylammonium hy- 
droxide 

o-Trimethylaminophenol 

m-Trimethylaminophenol 

p-T rimethylaminophenol 

Cyclohexanepropionic acid 

1, 3-Diinethylcyclohexane-3-car- 

boxylic acid 

cia-l, 3-Dimethylcyclohexane-5- 
carboxylic acid 


25 

(?) 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 


-Arrangement. — (Continued) 

°C o-Range A 0 

0.008-0.001 375 

0 . 00,5-0 . 0006 377 

0.005-0.0012 377 


0 . 002 - 0.001 (?) 

0.015-0.001 374 

0.012-0.0015 374 

0.016-0.001 370 

0.04-0.0012 224 

0.008-0.002 137 

0.12-0.016 (?) 

0.03-0.001 (?) 

0.03-0.004 378 

0.05-0.0017 227 

0.002-0.001 378 

(?) 376 

0.01-0.0013 377 

0.0012-0.0006 377 

0.006-0 0016 377 

(?) (?) 


0.0013-0 0010 

0.0013-0 0010 
0.004-0 002 
0.03-0 002 
0.03-0.002 
0 06-0.002 
0.03 0.001 
0 . 008-0 . 0005 

0 . 03-0 002 

0 01-0 001 
0 03-0 0005 

0 03-0 001 

0.012-0 0015 

0.08-0.004 

0.11-0.014 

0.03-0.004 

0.03-0.001 

0.03-0.001 

0.03-0.001 

0.03-0.001 

0.02-0.007 

0.016-0.002 

0.016-0.002 

0.004 

0.03 

0.03 

0.03 

0.005-0.0007 
0.004-0.0009 
0.004-0 001 • 


375 

375 

375 

375 
37$ 

376 
376 
378 
378 

(?) 

(?) 

(?) 

(?) 

378 

378 

378 


A:(or A«) 

Ao.ooe, = 3.9 
5.8 X 10-*' 
1.5 X 10-» 

Ao.oot = 0.5 
2.77 X 10“« 
3.40 X 10-« 

3.0 X 10~< 

5.0 X 10~ 7 

Ao.oos = 107 
Ao.m = 0 04 
Ao.oj — 340 
7.3 X 10‘ J 

8.5 X 10"® 

6.5 X 10" 4 
7 X 10-< 

9.1 X 10“® 

8.5 X 10~® 
8.0 X 10"® 
9.8 X 10-* 
1.36 X 10“® 


378 

4.25 X 10-* 

378 

4.08 X 10-® 

376 

7.5 X 10-‘ 

378 

9.0 X 10-* 

378 

1.4 X lO"* 

376 

3.5 X 10"« 

376 

2.6 X 10-® 

(?) 

1.73 X 10" 4 

377 

1.5 X 10-® 

377 

1.3 X 10"* 

378 

1.72 X 10" 4 

374 

1.97 X 10-< 

376 

1.58 X 10-® 

375 

1.8 X 10-® 


8.6 X 10"“ 
9.5 X 10-' 
3.0 X 10-« 
4.25 X lO" 4 
1.02 X 10-® 
1.4 X lO'® 


lit. 

I ( 303 ); cf (<4) 

( 579 ) 

(579) 

(304) 

(358) 

(358) 

(355) 

(107) 

(188) 

(85) 

(434) 

(577) 

(207) 

214) 

215) 

584) 

585) 

424) 

424) 

.23) 

ttO) 

:90) 

69) 

70) 

70) 

77 ) 

77 ) 

15.2) 

* 3 ) 

l3 ) 

«) 

1, 550) 

(263) 

(98) 

(98) 

(578) 

(* 78 ) 

(578) 

(511) 

(154, 263) 


2.50 X lO" 4 

(154) 

3.14 X lO"* 

(436) 

6.2 X 10-® 

(436) 

Ao.oo 4 = 190 

(246) 

Ao.oj = 1.8 

(236) 

Ao.oj =2.3 

(236) 

Ao.oa =2.8 

(236) 

1.32 X lO'® 

(635) 

6.2 X 10-® 

(635) 

1.05 X 10-* 

1 (63S> 
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C-Table.— The <Z -Arrangement— (Conlinued) 



Electrolyte 


Formula 


Name 


f, °C 


o Range 


Ao 


k(or Ac) 


Lit. 


C^HieOi 

CyHiiOi 

CvHieOt 

CUBuOi 

C«HiflOi 

C,Hi«0 4 

C«HicO« 

C»Hie 04 

CtHi<0« 

CiHuO« 

C,Hi«C>4 

C*Hu0 4 

C»Hi «04 

OtHie0 4 

C,H l 8 0 4 

C.Hl .04 

c»h 16 o 4 

C # Hu 04 

G»Hi«0« 

C.H , 6 04 

C#Hi«04 

C»HuO« 

c 9 h 18 o 4 

C®H i& 0 4 

C9H16O6 

C«Hi 8 0 2 

C,Hi.Oi 

C9H11N 

CioHtNOio 

Ci 0 HeNjO »8 


C 10H aOs 

Cu&NOs 

C, 0 H 7 NO 2 

CioHjNOj 

C10H7NOJ 

C.ofyNO, 

C10H7NOI 

J 10 H 7 NO 4 

CioHtNO^S 

CioHtNOiS 

C10H7NO48 

CioH 7 NOftS 

CioH 7 NOuSa 

Ci 0 H 8 CliO 4 

CioH 8 0 

CioH 8 Oi 


trans-l, 3-Dimethylcyclohexane-5- 

carboxylic acid 

Hexahydro-2, 6-dimethylbenzoic 

acid 

l-Methylcyclohexane-3-acetic acid. 
c i s-Hydroxydihydrocampholytic 
acid | • 

Ircms-Hydroxydihydrocampholytic 

acid 

Azelaic acid 


a-syrn .- Die thylglutaric acid 

/3-87/m.-Diethylglutaric acid 

0, 0-Diethylglutaric acid 

Monoethyl diethylmalonate 

anti-a, a'-Dimethylpimelic acid... 
paro-a, a'-Diraethylpimelic acid. . . 
a, a-Dimethyl-a'-isopropylsuccinic 

acid 

Dimethylpropylsuccinic acid 


Dipropylmalonic acid 


25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 


Ethylbutylmalonic acid 

Ethylisobutylmalonic acid 

Methyiisoamylmalonic acid 

ciz-a, a'-Methylisobutylauccinic 

acid 

trauma, a'-Methylisobutylsuccinic 

acid 

ot-sym - Methylpropylglutaric acid . 
^-gpm.-Methylpropylglutaric acid. 

ct-Propyladipic acid 

Monomethyl tetramethylauccinate 
sym.-Tetramethyl-^hydroxyglu- 

taric ateid 

Pelargonie acid 

DimethyL/3-isobutylethylenelactic 

acid * 

Tripropylamine 

Pyridinepentacarboxylic acid 

2, 4-Dinitro-l-naphthol-7-eulfonic 
acid .. 


Pyromellitic acid 

Cinchoninic acid 

1- Nitroso-2-naphthol 

2- Nitroso-l-naphthol 

4-Nitroso-l-naphthol 

Quyialdinic acid. 

Phenylifioxazolecarboxylic acid 

o-Phthalylaminoacetic acid 

1, 5-Nitronaphthalenesulfonic acid. 
1, b-Nitronaphthalenesulfonic acid. 
1, 7-Nitronaphthalene8ulfonic acid. 
1, 8-Nitronaphthalene8ulfonic acid. 
1, 3, 6, 8-Nitronaphthalenetriaul- 

fonic acid 

Monoethyl 3, 6-dichlorophthalate 

ot-Naphthol 

1, 2-Dihydroxynaphthalene 


25 

25 

25 

25 

25 

25 

25 

25 


0.003-0.0008 

0.0013-0.0010 
0.005-0.0006 
• 

0.012-0.003 

0.013-0.003 
0.012-0.0007 

0 007-0 0005 
0.01-0 0007 
i 0.03-0.001 
0.03-0.0009 

(?) 

(?) 


25 

0.015-0.002 

25 

0.016-0.001 

25 

• 

0.016-0.001 

0-65 

0.03-0 0005 

25 

0.03-0.001 

25 

0.03-0.001 

25 

0.03-0.001 

25 

0.03-0 004 

25 

0.01-0.0014 

25 

0.016-0.002 

25 

0.03-0.002 

24.4 

0.03-0.0016 

25 

0.02-0.003 

25 

0.04-0.0006 

25 

0.0008-0.0004 

25 

0.03-0 002 

25 

0.005-0.002 

25 

0.004-0.0002 

18 

0.01-0.0006 

25 

0.01-0 0012 

90 

0.01-0.0012 

25 

0.014-0.0009 

25 

0.016-0.001 

25 

0.002-0.001 

25 

0.002-0.001 

25 

0.001-0.0005 

25 

0.008-0.001 

25 

0.005-0.0007 

25 

0.016-0.001 


(?) 

(?) 

(?) 

(?) 

(?) 

0.004-0.001 

0 . 002 - 0.001 

0.16-0.002 


378 

378 

378 

377 

377 

376 

377 
377 

(?) 

375 

(?) 

(?) 

375 

376 

376 

375 

375 

375 

375 

375 

376 
376 

375 

374 

376 

377 

375 
224 

(?) 

(?) 

(?) 

(?) 

(?) 

380 

376 
376 

376 
380 

377 
377 

(?) 

(?) 

(?) 

(?) 

(?) 

376 

379 

(?) 


1.07 X 10-* 

1.28 X 10- 6 

1.56 X 10“ 5 

3.6 X 10" 5 

8.1 X 10-* 
2.88 X lO' 6 

5.4 X 10~» 
5.9 X 10-* 

3.4 X 10“ 4 
2.30 X 10“ 4 

3.43 X 10-* 

3.44 X 10“* 

1.57 X 10~ 4 

5.4 X 10" 4 
5.9 X 10- 4 

1.06 X 10“ 2 

9 . 1 X 10" 3 

1 .5 X 10" 3 
1.84 X 10-» 

4.27 X lO' 4 

2 35 X 10" 4 

5.3 X 10-* 

5.8 X 10-* 

4.0 X 10-* 
1.22 X 10~ 6 

1.32 X lO' 4 

1 . 1 X 10 -6 

1.45 X 10“* 

4.5 X 10-* 

Ao. 004 = 650 

[A 0.01 = 416] 
Ao ' 01 = 245 
[Ao 01 = 754] 
Ao.014 — 260 
1.25 X 10-» 

2.5 X 10" 8 
2.5 X 10~ 8 
2 6 X 10- 7 

1.2 X 10" 6 

5.4 X 10-* 3 

9.8 X 10"< 
[1.5 X 10- 1 ] 

[1.0 X 10 - 1 ] 

[1.3 X 10- 1 ] 
[9.4 X 10-’] 

[5.5 X lO-’J 

1.5 X 10' 2 
[1 X 10-®] 

Ao. i« — 0 .026 


(035j 

(290) 

(635) 

(424) 

(424) 

(49, 565); c j m 
(524) 

(20, 49, 451 ) 
(20, 451) 
(525.2) 

(582) 

(317) 

(317) 

(97) 

(577) 

(97) 

(390, 524, 535) 
(526) 

(390) 

(390) 

(390) 

(97) 

(97) 

(60) 

(60) 

(391) 

( 100 ) 

(402) 

( 200 ) 

(550) 

(104) 

(436) 

(324) 

(445) 

(324) 

(49) 

(436) 

(557) 

(557) 

(557) 

(436) 

( 7 ) 

( 4W ) 

(194) 

(194) 

(194) 

(194) 

(194) 

(598) 

(569) 

(66, 70) 
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(T-Table. — The C-Arrangement.— (Continued) 




1,3 


Formula 

CioHsOj 

CioHnOjS 

CioH 8 0|S 

C10H1O4 

CioHiO* 

C I „H jl p 4 

C;oH%04 

CioHjOs 

CioHsO® 

Ci 0 H*O« 

CioHaOft 

CioH 9 BrO* 

C10H1NO1 

C10H9NO1 

CioH^NOjS 

c 10 h 9 no,s 

CioH*NOjS 

CioH.NO.S 

C, 0 H,NO,S 

C, 0 H 9 NO,S 

Ci 0 H 9 NO,S 

CioH*NOiS 

CioH 9 NO,S 

Ci 9 H 9 NO»S 

C, 9 H 9 NO t 

CioH 9 NO* 

CuH.NOe 

Ck>H 9 NO$ 

CioH 9 NO« 

CioHfNO«Sj 

C, 0 H 9 NO*S, 

CioH 9 NOftSa 

CioHtNOtSs 

C, 9 H 9 NO; 

CioH 9 N0 8 

C, 0 H 9 NO 9 Si 

CioH 9 N0 9 S, 

CioHtNiOs 

CioH 9 NiO* 


CioHioBrNOt 

CioHjoBrNO* 

C10H10CINO1 

CioHioClNO« 

C10H10CINO1 

CioHioONOi 

CioHioOj 

CioHmOi 


Electrolyte 

Name 

2, 3-Dihydroxynaphthalene 

a-Naphthalenesulfonic acid 

0- Naphthalenesulfonic acid 

Benzalmalonic acid 

Benzoylpyroracemic acid 

aUo - Piperonylacrvlic acid 

Piperonylacrylic acid 

Monomethyl phthalonate 

1- Monomethyl trimellitate 

2- Monomethyl trimellitate 

4-Monomethyl trimellitate 

Bromoopianic acid 

3- Methylindole-3-carboxylic acid.. 
Pr-2-Methy lindole-2-carboxylic 

acid 

l-Naphthylaraine-2-sulfonic acid 
l-Naphthylamine-4-eulfonic acid 

1-Naphthylamine-^-eulfonic acid. . 
l-Naphthylamine-6-sulfonic acid. . 
l-Naphthylamine-7-sulfonic acid . . 

1- Naphthylamine-8-siilfonic acid. . 

2- Naphthylamine-5-sulfonic acid. . 
2-Naphthylamine-6(?)-sulfonicacid 
2-Naphthylamine-7-sidfonic acid. . 
2-Naphthylaraine-8-8ulfonic acid. . 
2-Acetylaminoterephthalic acid . . . 

4- Acetylaminoisophthalic acid 

2, 4-DimethyIpyridinetricarboxylic 

acid 

1- Monoethyl 4-nitrophthalate . .. 

2- Monomethyl 4-nitrophthalate.. . 
l-NAphthylamine-2, 5(?)-disulfonic 

acid 

l-Naphthylamine-4, 6-disulfonic 
acid 

1- Naphthylaminc-4, 7-disulfonic 

acid. 

2- NapJithylamine-4, 8-disulfonic 

acid ' 

Nitroopianic acid 

Nitrohemipinic acid 

l-Naphthylamine-2, 4, 7-trisul- 

fonic acid 

l-Naphthylamine-3, 6, 8-trisul- 
fonic acid 

3- Methyl-l-phenyl-4-isonitroso-5- 

pyrazolone 

Methyl • l-phenyl-5-hydroxy-l, 2, 
3-triazole-4-carboxylate 

Acetylbromophenylaminoacetic. 

acid 

Bromoacctylphenylaminoacetic 

acid 

Chloroacety Iphenylaminoacetic 

acid 

o-Chloroeuccinanilic acid 

m-Chiorosuceinanilic acid 

p-Chloro8uccinanilic acid 

0-Benzoylpropionic acid 

Furyldihydroresorcinol 


t, °c 

~25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

0-65 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 


25 

25 

25 

25 


25 

25 

25 

25 

25 


25 

25 

50 

25 

25 

25 

25 

25 

25 

25 

25 


c- Range 

0.005-0.001 
0.03-0.001 
0.42-0.0005 
0.03-0.001 
0 0025-0.0003 
0 . 0025-0 . 0006 
0.00013 
0.01-0.001 
0.016-0.001 
0.016-0 001 
0.010-0 001 
0.002-0.001 
0 . 002-0 . 0005 

0 . 001 - 0.0002 
0.016-0 0005 
0 . 001 - 0.0001 
0.001-0 0005 
0 004-0 0005 
0.004-0.0001 
0 . 008-0 . 0005 
,0 001-0 0001 
0 004-0 0002 
0 001-0 0001 
0 002-0 0002 
0 . 002-0 0002 
0 0016-0 0005 
0 0004 


A:(or A«) 


lit 


0 03-0 0002 
0 01-0 0007 
0 01-0 0006 

0 016-0 0002 

0 016-0 0001 

0.03-0 0002 

0.016-0 0005 
0.004-0 001 
0.03-0 002 

0 02-0 0006 

0 01 - 0.0002 

0.004-0.001 

0 007-0 0009 
0 01-0 0013 

0 003-0 0008 

0 005-0 0006 

0 005-0 0006 
0.008-0 001 
0 008-0 001 
0 008-0 001 
0 016-0 001 
0 003-0.0004 


(?) 

(?) 

378 

378 

379 
377 

377 

378 
377 
377 
377 
377 

376 

376 

376 

376 

377 
377 
377 
377 
377 
377 
377 
377 
377 
377 


(?) 

377 

377 

374 

374 

374 

374 

377 
376 

374 

374 
376 

375 
499 

378 

378 

379 
370 

376 

376 

377 
377 


Ao. 005 =*0.12 • 

(70) 

A 0.01 =* 339 

(434) 

A 0.04 = 354 

(312, 400, 003) 

4.04 X 10“* 

(430) 

6 X 10“* 

(») 

1 04 X 10- 4 

(400) 

2 4 X 10“* 

£ 

(400) 

1.5 X 10“ 4 

(540) 

1.8 X 10-* 

(001) 

2 6 X 10“ J 

(001) 

2 86 X 10-* 

(001) 

4 30 X 10“* 

(001) 

4.6 X 10“* 

( 7 ) 

1.2 X 10“« 

( 7 ) 

2 X 10-* 

(105) 


0.001 


276 


2.3 X 10“ 4 
1.92 X 10“ 4 
2.22 X 10“ 4 

1.00 X 10-* 
0.2 X 10“ J 
1.63 X 10" 4 

1.0 x 10- 4 

1.20 X 10" 4 
A 0.001 — 242.0 


* 0") 

( 52 «) 

(165) 

(!« 5 ) 

( 165 ) 

( 165 ) 

( 165 ) 

( 165 ) 

( 165 ) 

( 165 ) 

( 540 , 601 ) 


7.9 X 10“ 4 

1.1 X 10"* 

( 600 ) 

( 599 ) 

Ao.oi =319 

3 02 X 10“» 
5.1 X 10“* 

* ( 320 ; 
( 601 ) 
( 601 ) 

Ao.oi# =® 338 

• 

( 165 ) 

A 0.010 “ 210 

( 165 ) 

Ao.o» ** 186 

( 165 ) 

Ao.oi# “ 120 
2.85 X 10“* 

( 165 ) 

( 540 ) 


2.1 X 10"* 


Ao. 


181 


198 


2 3 X 10-* 

[1.6 X 10->1 
[1.3 X 10-*J 

2.80 X 10“ 4 

3 3 X 10“ 4 

3.33 X 10- 4 

2.04 X 10“* 
2 05 X 10“* 

2.05 X 10“» 
2.23 X 10“» 
1.48 X 10-* 


( 540 , 604 ) 

( 165 ) 

( 165 ) 

( 235 ) 

( 157 ) 

( 157 ) 

( 575 ) 

( 570 ) 

% 

( 570 ) 

(436) 

(4**1 

(430) 

(344) 

( 503 ) 
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(T-Table.— The <£-Arrangement.— (C oniinued ) 


Electrolyte 


Formula 


Name 


t , °C 


c- Ran go 


C10H10O3 
C10H 10O3 
C10H ioOj 
C10H10O3 
C 10 H 10 O 4 

C 10 H 10 O 4 

C 10 H 10 O 4 

C 10 H 10 O 4 

C10H 10O4 


C.oHnNO 

CioHuNO 

CtoHuNO, 

CioHuNO, 

C 10 H 11 NO 3 

CioHmNO, 

C.oHnNO, . 

CioHuNOs 

CioHnNOj 

CioHuNO, 

C10H11NO3 

C l 0 H n NO 4 
C 10 H u NO 4 
C 10 HuNO 4 
C 10 H 1 1 NO 4 
C 10 H n NO 4 

C 10 HuNO 4 

C 10 HnNO 4 

C 10 H 11 NO 4 

C 10 H 11 NO 4 

CioHuNO* 

CioHuNO* 

C.oHuNOeS 

C,oH„N,OS 

CioHuN»Oj 

CioHuOi 

CioHuOj 

CioHuOi 

CioHuOj 

CioHuOj 

CioHuO* 

CioHuO* 

CioHnO* 


oZZo-p-Methoxy cinnamic acid. 

p-Methoxycinnamic acid 

Methylcoumanc acid 

Methylcoumarinic acid 

Benzylmalonic acid 


1- Monomethyl homophthalate. . . 

2- Monomethyl homophthalate. . . . 
l-Monomethyl2-methylterephthal- 

ate 

4-Monomethyl 2-methylterephthal- 

ate 


C10H10O4 

C10H10O4 

C10H10O4 

C10H ioO* 

C10H10O* 

0- Phenylenediacetic acid | 

Phenylsuccinic acid 

Monoethyl phthalate 

Benzvltartronic acid 

1- Monoethyl 4-hydroxyphthal- 

ate 

CioHioO* 

2-Monoethyl 4-hvdroxyphthal- 


ate 

C10H ioO* 

Dimethyl 4-hydroxyphthalate .... 

C10H 10O* 

Opianic acid 

CioHioOe 

Apiolic acid.* 

C10H 10O6 

Uemipinic acid 

C l0 H 10 O4 

m-Hemipinic acid % . . 


Methylquinolinium hydroxide 
Methylisoquinolinium hydroxide. 

Benzo.ylaminopropionic acid 

/3-B^nzoylpropionic acid oxime 

(stable) 

Methylbenzoylaminoacetic acid . 

Phenaceturic acid 

Phenylacetylaminoacetic acid 

Succinanilic acid 

0- Toluric acid 

m-Toluric acid 

p-Toluric acid 

1- Monoethyl 4-aminoisophthalate . 

Anisuric acid 

4-Dimethylaminoi8ophthalic acid . 
Dimethylaminoterephthalic acid . . 
4-Monomethyl 2-methylamino- 

terephthalate 

3-Nitrocumic acid 

eso - Monomethyl phenylglycine-o- 

carboxylate 

exo-Monomethyl phenylglycine-o- 

carboxylatc 

Phenyliminodiacetic acid 

1- Hemipinamic acid 

2- Hemipinamic acid 

Benzenesulfoneaminosuccinic acid . 

l-Phenyl-3-ethylthiourazole 

l-Phenyl-3-ethoxy urazole 

Cumic acid ...» 

2, 3, 4-Trimethylbenzoic acid 

2, 4, 5-Trimethylbenfoic acid 

2, 4, 6-Trin.ethylbenzoic acid 

6-Iaopropylaalicylic acid 

3- Ethoxy- p-toluic acid 

a-Methyl-0-phenyl-0-hydroxypro- 

pionic acid 

Phenylethoxyacetic acid 


25 

25 

25 

25 

25 

0-65 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

% 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 


0 01-0 0012 
0 00O4-0 0002 
0.0005-0 0004 
0 004-0 001 
0.03-0 001 
0.03 0 0005 
0 002-0 001 
0.004-0,001 

0 . 002-0 001 

0 . 002-0 0005 
0.015-0 0009 
0.016-0.0005 

0.008-0 0005 
0.014-0.0009 

0.004-4). 001 

0.004-0 001 
0.008-0 001 
0.008-0.001 
0 . 0008 
0 06-0.001 
0.016-0.0005 
0.03 
0 03 

0.008-0.001 

0.016-0.004 
0.018-0 001 
0.007-0 001 
0 005-0.0006 
0.016-0.001 
0.004-0.001 
0.004-0.0005 
0 004-0 0005 
0.001-0 0003 
0.0014-0.0004 
0.001-0 0005 
0.002-0.0005 

0 001-0 0005 
0.0005-0.0002 

0.0012-0.0003 

0 003-0 00Q4 
0.005-0.0012 
0.016-0.001 
0.016-0. 001 
0.04-0 .t)006 
0.0005-0.0002 
0.001-0.0001 
0.002-0.001 
0.002-0.0005 
0.001-0.0005 
0.008-0.001 
0.0012-0.0006 
0.002-0.0005 

0.03-0.0008 
0.05-0.0014 


1 

Ao 

k{ or A c ) 

Lit. 

377 ] 

8.85 X 10" 4 

(488, 

377 I 

2.0 X 10-* 

(488) 

377 

1 98 X 10-* 

(488, 

377 

5 15 X 10“» 

(488, 

378 

1.52 X 107* 

(377) 

378 

4.29 X 10-* 

(526, 

(540, 

378 

7.5 X 10" 6 

(540, 

377 

1.56 X 10" 4 

(601) 

377 

5 5 X 10‘ 4 

(601) 

376 

1.08 X 10" 4 

(34, 

‘376 

1.58 X 10- 4 

(450, 602) 

376 

5.50 X lO' 4 

(582) 

378 

• 

5.3 X lO" 3 

(577) 

377 

« 

7.2 X 10" 4 

(601) 

377 

2.15 X 10" 4 

(601) 

376 

1 X 10' 7 

(598) 

378 

8.64 X lO" 4 

(436) 

377 

8.0 X 10“ s 

( 7 ) 

376 

1 .10 x 10- 3 

(318, 598, 

378 

1 42 X lO" 3 

(436) 

(?) ! 

Ao. 03 = 208 1 

(241) 

(?) 

An. 03 = 207 1 

(241) 

376 

1.92 X 10" 4 

(200) 

378 

1.7 X 10-* 

(244) 

376 

4 . 95 X 10~ 4 

(200) 

376 

1.98 X 10" 4 

(200) 

378 

2.58 X 10" 4 • 

(579) 

376 

1.99 X lO" 4 

(436) 

376 

1.89 X 10* 4 

(200) 

376 

2.06 X lO" 4 

(200) 

376 

1 . 96 X lO' 4 

(200) 

376 

4.0 X 10" 6 

(601) 

376 

1.59 X 10-< 

(200) 

376 

2.63 X lO" 4 

(601) 

376 

4.5 X 10~ 4 

(601) 

376 

3.6 X 10~ 4 

(601) 

375 

2.1 X lO' 4 

(49) 

376 

1.3 X lO" 4 

(394) 

376 

2.7 X 10“ 5 

(394) 

375 

2.65 X lO' 3 

(579) 

376 

3.9 X 10" 4 

(393) 

376 

6.8 X lO" 5 

(393) 

374 

7.01 X 10~ 4 

(358) 

378 

5 X 10" 7 

( 6 ) 

376 

4 X 10~ 8 

( 6 ) 

376 

4.9 X lO" 4 

(436) 

376 

3.3 X lO' 4 

(105, 451) 

376 

9.5 X 10-3 

(451) 

377 

3.7 X lO" 4 

(105, 451) 

376 

7.2 X lO' 4 

(378) 

376 

3.4 X lO- 4 

(457) 

375 

3.42 X lO- 4 

(550) 

377 

5.2 X lO” 4 

(195) 
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<£~Table . — 1 


Electrolyte 

Formula | 

Name 

CioHnOj 

a-Phenoxybutyric acid 

CioHnO* 

a-Phenoxyisobutyric acid 

CioHnOj 

1, 1, 3 , 3 -Hexamethylenetetracar- 
boxylic acid 

CioHuNOa 

a-Anilinobutyric acid 

CioHuNO, 

cr-Anilinoisobutyric acid. . 

CioHnNOt 

/S-Anilinoisobutyric acid 

CioH 1JNO2 

a-o-Toluidinopropionic acid. . . 

CioHuNOj 

a-p-Toluidinopropionic acid 

CioHuNOa 

/ 3 -p-Toluidinopropionic acid. . . 

CioHuNOiS 

m-Xylenesulfoneaminoacetic acid. 

C.oH.aN.O.P 

Inosinic acid 

CioHuNj 

Nicotine 

CioHuO 

Isobutylphenol 

C10H14O4 

Diisopropylenesuccinic acid. . 

C 10H 1 4O4 

Methyl dimethylhydroresorcylate 

C10H14O4 

Ethyl methylhydroresorcylate. . . . 

C l0 HuBrO 4 S 

o-Bromocamphorsulfonic acid 

CioHuNOa 

Isoamyl cyanoacetoacetate 

CioHieFeiOu 

Diferripcntaacetyl hydroxide 

CloH 1 « 0 j 

Campholenic acid 

CioHuOj 

Fencholenic acid 

CioHuOj 

Pinonic acid 

CioHieOj 

a-Tanacetoneketocarboxylic acid . 

Ct 0 Hj«O 4 

d-Camphoric acid 

C10H14O4 

LCamphoric acid 

C10H14O4 

dZ-Camphoric acid 

C10H10O4 

d-Isocamphoric acid 

C10H18O4 

Z-l8ocamphoric acid. . . . 

CioHi «04 

dZ-Isocamphoric acid . . . 

CioHuCL 

Cyclohexane- 1, 1 -diacetic acid .... 

CioHjeOa 

cw-d-Isofenchocamphoric acid. . 

CioHjeOa 

cw-Z-l8ofenchocamphoric acid. . 

CioHh 04 

ew-dZ-Isofenchocamphoric acid. . . . 

C10H18O4 

Zrans-d-Isofenchocamphoric acid... 

C10H16O4 

(raas-Z-Isofenchocamphoric acid.. . 

C10H16O4 

Zrarw-dZ-Isofenchocamphoric acid.. 

C10H14O4 

a, a, a, a'-Tetramethyldihydro- 
muconic acid 

CioHieO* 

Cineolic acid 

CioHuO* 

Propylmethylcarboxyglutaric acid. 

CioHuO® 

a, a, y, 7-Tetramethyltricarballylic 
acid 

CioHuO« 

7>-TctramethyltricarbalIvlic acid.. . 

C10H17NOI 

a-Camphoramic acid 

C10H17NOI 

/ 3 -Cam phoramic acid 

C.oH^NaO* 

Antipeptone (a) 

CioHuOj 

Campholic acid 

CioHisO* 

Oxymenthylic-acid 

CioHuO« 

Dihydrocamphoric acid 

CioH 18O4 

a-Dihydroxydihydrocampholenic 
acid 

C10H 18O4 

a, a-Dimethyl-a'-isobutylsuccinic 
acid 

CioHt„0 4 

cw-si/m.-Diisopropylsuccinic acid. . 

C 10H x>0 4 

trans-sym. -Diisopropylsuccinic acid 

C10H1BO4 

cw-sym.-Dipropylsuccinic acid.... 

CioH uOt 

<rarw-8j/m.-Dipropylsuccinic acid. . 


-Arrangement. — (Continued) 


t, °C 


25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

18 

18 

25 

25 

25 


0-35 


25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

[25] 

25 

25 

[25] 

18 

25 

25 

25 

25 

25 


c- Range 

(?) 

(?) 

0.05-0.0015 
0.008-0.001 
0.005-0.0012 
0.005-0.0012 
0.005-0.0012 
0 . 002 - 0.001 
0.005-0.0012 
0.014-0 002 
0 . 07-0 . 0005 
0.03-0.001 
0 . 003-0 . 0008 
0.008-0.001 
0.07-0.0006 
0.06-0 0008 
0.5-0 001 
0.001-0 0005 
0.03-0 001 
0 . 003-0 0003 
0 003-0 0003 
0. 00.5-0 001 
0.01-0.0025 
0 016-0 0005 

0 016-0.0005 

(?) 

(?) 

(?) 

0.014-0.0018 

(?) 

0 004-0.001 
0 016-0 002 
0.016-0.002 
0 . 008-0 002 
0 016-0 002 
0.016-0 002 
0.008-0.002 

0 04-0 005 
0 06-0 001 
0.03-0 004 

0.03-0.001 

0 016-0 001 
0.016-0 002 
0.010-0 002 
0.12-0 001 
0.001-0 0005 
0.02-0 0007 
(?) 

0.018-0.0002 


0.004-0 0005 
0.008-0 001 
0.004-0.0005 
0.008-0.001 
0 004-0.0005 


Ao 

(?) 
(?) 

373 

373 

373 

373 

373 

373 

373 

373 

375 

(?) 

379 

375 

375 

375 
378 

376 

(?) 

340 

340 

375 

375 

378 


378 

378 

378 

378 

378 

(?) 

377 

377 

377 

377 

377 

377 

375 

375 

375 

375 

375 

376 

376 

(?) 

378 

377 

(?) 

340 

375 

375 

375 

375 

375 


*(or A«) 

6.82 X 10-« 
4.34 X 10~< 

1.3 X 10-» 
2.8 X 10“* 

3.6 X 10"* 
1.0 X 10"* 

.3.8 X 10"* 

6.7 X 10“* 
2.2 X 10'« 

2.65 X 10~< 
Ao. 07 = 122 
Ao.oi =2.0 
2.6 X 10- 7 

1.4 X 10-< 
4.76 X 10-‘ 
3.63 X 10“* 

Ao.ou = 351 

5.5 X 10 -4 
Ao.oi =9.3 

1 . 65 X 10“* 

1 X io-* 

2 . 1 X 10"* 

1.1 X 10"* 
2.20 X 10"* 


Lit. 


2 20 X 10"* 
2.20 X 10-* 
1.70 X 10-* 
1.58 X 10“* 
1.70 X 10"* 
1.70 X 10" 4 
3.37 X 10" 4 
4.84 X 10-* 
4.84 X 10"* 
4 . 82 X 10-* 

4.12 X 10-* 

4 . 13 X 10-* 
4.12 X 10"» 

1.78 X 10-* 

1 . 15 X 10“ 4 

9.9 X 10-* 

9.6 X 10-* 
1.50 X 10- 4 

1.09 X 10- 4 
1.4 X 10-* 
1.25 X 10-* 
Ao.o« = 18.0 

4.3 X 10-* 

2.06 X 10-* 

4.15 X 10-* 

2.43 X 10-* 

4.30 X 10- 4 

2.3 X 10"* 

1.08 X 10- 4 

4.9 X 10“ 4 


( 57 ) 

( 57 ) . 

( 581 ) 

( 579 ) 

( 579 ) 

( 579 ) 

( 579 ) 

( 579 ) 

( 579 ) . 

( 358 ) 

( 220 ) 

( 416 ) 

( 26 ) 

( 152 ) 

( 508 ) 

( 508 ) 

( 580 ) 

( 214 .) 

( 478 ) 

( 594 ) 

( 594 ) 

( 487 ) 

( 487 ) 

( 436 , 534 , 570 , 
620 ) 

( 45 , 48 , 610 , 
620 ) 

( 570 ) 

( 570 ) 

( 570 ) 

( 593 ) 

( 570 ) 

( 570 ) 

( 525 . 5 ) 

( 499 ) 

( 499 ) 

( 499 ) 

( 499 ) 

( 499 ) 

( 499 ) 

( 92 ) 

( 378 ) 

( 578 ) 

( 578 ) 

( 263 ) 

( 578 ) 

( 393 ) 

( 393 ) 

( 420 ) 

( 436 ) 

( 436 ) 

( 137 ) 


( 594 ) 

( 97 ) 

(*°) 

( 96 ) 

( 96 ) 

( 96 ) . 
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(T-Table. — The (T-Arrangement — {Continued) 


Formula 1 

Electrolyte 

Name 

t, °C 

c- Range 

Ao 

k { or \r) 

1 

Lit. 

V 

CioH isOi 

Ethylisoamylmalonic acid .... 

25 

0.03-0 001 

375 

8.6 X 10"* 

(3»0) 

s tf a r t r V 

C 10 H 18 O 4 

Heptylmalonic acid 

25 

0.005-0.0006 

375 

9.8 X 10-* 

(524, 535 j 

C 10 H 18 O 4 

c is - a- Meth yl-a'-isoamylsuccinic 







acid 

25 

0.02-0.0025 

375 

3.85 X 10-« 

(9 7) 

C 10 Hl 8 O4 

trans-a- Methyl-a'-isoamylsuccinic 







acid , 

25 

0.005-0.0007 

375 

2.35 X 10-< 

(97) 

cloHlso* 

c i s-a-Propyl-a'-isopropylsuccinic 







acid 

t 

25 

0.008-0.001 

376 

2.90 X 10"< 

(96) 

CioHuOf 

frarw-a-PropyW-isopropylsuccinic 


# 





acid 

25 

0.004-0.0005 

376 

1 45 X 10-* 

(96) 

C 10 H 18 O 4 

Sebacic acid 

25 

[ 0.004-0.0008 

376 

2.70 X 10“* 

(138, 665) ; c /. 







(436, 524) 



0-35 

b 002-0.0005 



(525) 

C 10 H 18 O 4 

Monoethyl suberate 

25 

0.014-0.0009 

375 

1.46 X 10"* 

(582) 

CioHioOb 

a-Isopropyl-/3-isobutylhydracrylic 

• 




1 

1 


acid 

25 

0 . 02 - 0.002 

376 

1.9 X 10“* 

: ( 461 ) 

CioHtoOi 

Tetramethylglucose 

25 

0.5 

(?) 

Ao. 5=0. 087 

c) 

CioHjjN 

Diisoamylamine ! 

25 

0.005-0.002 

222 

7.7 X 10“< 

(104) 

CnHgNjOi 

3, 2'-DipyridyL3'-carboxylic acid. . 

25 

0 . 010 - 0.001 

376 

1.8 X 10"* 

(436) 

CuH 8 N s O,S* 

W-Cyano-a-naphthalenesulfamide . 

25 

0 . 0005-0 . 00025 

376 

1.6 X 10“* 

(26) 

CuHiNtOtS 

W-Cyano- 0 -naphthalenesulf amide.. 

25 

0 . 0004-0 . 0002 

376 

6.6 X 10-* 

(26) 

C 11 H.O 1 

a-Naphthoic acid ’ . 

25 

0.0005 

377 

2.0 X 10-< 

(49) 

CnH.0. 

0 -Naphthoic acid 

25 

0.0003-0.0001 

377 

6.9 X 10'* 

(» 51 ),C/. (26. 

49 1 

ChH,NO, 

Quininic acid 

25 

0 004-0.001 

377 

9.0 X 10 “ 6 

(436) 

CiiHioBrN»Oa 

Ethyl l-p-bromophenyl-5-hydroxy- 







1, 2, 3-triazole-4-carboxylate 

25 

0.007-0 0017 

375 

1.5 X 10 - 2 

(158) 

CuHiqO* 

A^Dihydro-a-naphthoic acid 

25 

0.003-0.0001 

376 

7.9 X 10"* 

(49, 151, 302) 

C 11 H 10 O 1 

A^Dihydro-^-naphthoic acid 

25 

0.0005-0 ,0001 

376 

2.9 X 10“* 

JlSl) 

CnHioOa 

A 2 -Dihydro-a-naphthoic acid 

25 

0 . 012 - 0.0001 

376 

1.16 X 10"< 

(49, 151, 362 ) 

CuHioO* 

A>-Dihydro-/3-naphthoic acid 

25 l 

0.0006-0.0001 

376 

2.9 X 10-* 

(26) 


• • • 1 




2.5 X 10“* 

(151) 

CnflioOj 

A^Dihydro-^-naphthoic acid 

25 

0.004-0.0001 

376 

5.05 X 10“* 

(26) 






5.75 X 10“* 

(151) 

CnHioOa 

Phenyltetric acid 

25 

0.004-0.0009 

376 

1.90 X 10“< 

(573) 

C 11 H 10 O 4 

Acetylcoiimaric acid .- . 

25 

0.0007 

376 

4.7 X 10“* 

(488) 

CnHioOa 

Acetylcoumarinic acid 

25 

0.006-0.001 

376 

1.07 X 10-* 

(488) 

C 11 H 10 O 4 

Phenylitaconic acid 

25 

0.008-0.001 

376 

1.35 X 10“< 

(540) 

CuHioO* 

0-Benzoylisosuccinic acid 

25 

0.010-0.001 

376 

2.4 X 10 

(524) 

CuHioOi 

1, 2- Dimethyl trimellitate 

25 

0.008-0.001 

376 , 

3.4 X 10“< 

(601) 

C 11 H 10 O 7 

Apionylgiyoxylic acid 

25 

0.01-0 0014 

376 

3.2 X 10" 2 

( 7 ) 

CnHiiNO* 

2-Methylindole-3-acetic acid 

25 

0.004-0.0005 

375 j 

2.1 X 10-* 

( 7 ) 

C 11 H 41 NO 1 

1-Monomethyl 2-acetylaminotere- 







phthalate 

25 

0.001-0.0005 

376 

2.58 X 10"« 

(601) 

CiiHnNOt * 

4- Monomethyl 2-ace tylaminotere- 







phthalate 

25 

0.0014-0.0003 

376 

7.1 X 10"« 

(840, 601) 

CnH„NO. 

1-Monomethyl 4-acetylaminoiso- 







phthalate 

25 

0.001-0.0005 

376 

6.9 X 10~< 

(601) 

CnHiiNO* 

4-Acetylmethylaminoisophthalic 







acid 

25 

0.004-0.0005 

376 

Ao.004 = 137 

(601) 

CuHiiNOi 

AT-Acetylmethylaminoterephthalic 

* 

• 





acid 

*25 

0.006-0.0005 . 

376 

1.4 X 10“ 3 

(601 ); cf (540) 

CnHiiNO# 

Acetylphenylglycine-o-carboxylic 







acid 

25 

0.02-0.0016 

376 

1.03 X 10" 3 

(394) 

CuHuNOt 

Benzoylaminosuccinic acid 

25 

0.016-0.004 

376 

5.22 X 10“< 

(442) 

CnHiiNO# 

Anilinodiacetic-o-carboxylic acid . . 

25 

0.014-0.0016 

375 

3 X IO - 3 

(394) 

CnHiiNO, 

1-Monomethyl nitrohemipinate . . . 

25 

0.004-0.0005 

377 

Ao. 004 — 300 

(604) 

CnHiiNO* 

2-Monomethyl nitrohemipinate . . . 

25 

0.004-0.001 

377 

Ao 004 == 307 

(604) 

CnHiiNO 

Benzylidenehydrazinodiacetic acid. 

25 

0.002-0.0002 

(?) 

Ao 002 = 200 . 5 

(29) 

CiiHi*0» 

ar.-a-Tetrahydronaphthoic acid . . . 

25 

0.006-0.0001 

376 

4.38 X 10"* 

V J 

(49, 151) 

CuHiiO* 

/3-Tetrahydronaphthoic acid 

25 

0.005-0.0006 

376 

2.45 X 10“* 

( 26 , isn 

CuHiiOs 

Ethylcoumaric acid 

25 

0.0005 

376 

2.0 X 10“* 

v * • ) 

(488) 

CuHiiOi 

Ethylcoumarinic acid 

- 25 

0.003-0.0009 

376 

4.35 X 10"* 

v ) 

(488) 
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Cu-Zn. — ( Cord'd ) 

* | Pi 

15.0% Zn 
1100 29. 87 

1200 30.43 

20 % Zn 

1000 I 33. 03 

D = 0.40 
1200 33.83 

1100 33. 44 

39.61 % Zn 
900 43 . 90 

1000 42 .36 

53.84 % Zn 
850 | 48.10 

D = -2.32 

1000 I 44.62 

60.7 % Zn 
850 48 . 59 

900 47.35 

1000 4663 

66.0 % Zn 

850 | 47.87 

D = -2.35 
1000 I 44-34 

85.0 % Zn ’ 

700 | 44 . 04' 

D - -1.24 ' 
900 | 41.56 

100 % Zn 
700 | 35 . 65 

D - +0.05 
900 I 35.75 


Cu-Zn-Pb (*04) 
34.58% Zn; 2.42% 
Pb; tr. of Fe, Sn 


20 

7 

50 

7.55 

944 

41.61 

1000 

41.20 

1084 

40.11 


Fe-C (**) 

0%C 

1550 | 133.3 

D « 4.8 
1650 | 138.1 

0.22 % C 
1500 | 136.6 

D - 4.2 
1650 | 142.9 

1.19% C 
1450 | 150.1 

D - 2.8 
1650 | 155.7 

3.80 % C 
120^ | 148.2 

D - 2.2 
1600 1 157.0 

Hg-K (i«7) 
1.65% K 


t. 

- 62 

62 

128.80 

100 

133.95 

160 

140.80 


Hg-K. — (Coni' d) 

t | Pt 

1.65% K 
i, = 62 


200 

250 

300 

350 


147.80 

155.18 

162.75 

170.60 


3.52% K 
U = 162 
162 165.76 

200 170.18 

250 176.38 

300 183.95 

350 192.18 

6.56% K 
t m = 262 
262 197.80 

300 203 . 90 

350 213.45 

400 223 . 40 

450 233 . 0 

8.56% K 
i, = 287 


287 

300 

350 

400 


199.90 
202 . 25 
211.96 
221.50 


9.62 % K 
t, - 282 
282 208.5 

350 222 

400 232 

11.92% K 
t. = 256 
256 232 . 60 

300 237.00 

350 242.0 

21.34% K 
t . - 162 
162 240 . 25 

200 241.5 

D - 3.12 
350 | 246.18 

39.45 % K 
t, = 87 


87 

100 

150 

200 

250 

300 

350 


130.20 

132.80 

142.50 

153.75 

163.18 

173.60 

184.05 


79.35 % K 
t. - 57 

57 37 . 10 

100 41 . 30 

D = 9.71 
350 | 65.58 

100% K 
1,-64 

64 12.98 

100 15.3 

D - 6.48 
200 I 21.78 


Hg-Na 

t | Pt 

0.11% Na (23) 


50 

100 

150 

200 

250 

300 


99.76 

102.74 

110.20 

116.56 

123.60 

131.42 


0.11% Na (187) 
t. = -43 


100 

150 

200 

250 

300 

350 


103.75 
109 . 25 
115.00 

121.50 

128.50 
135.90 


0.39 % Na 
t, = -32 


50 

100 

150 

200 

250 

300 

350 


100.30 

105.95 

111.65 

117.50 

123.90 

130.90 
138.60 


0.95 % Na 
t. = +56 
56 98.1 

100 102.90 

D - 10.74 
350 | 129.75 

3.03 % Na 
t, - 250 
250 | 110.70 

D = 8.60 
400 | 123.60 

4.85% Na 
t , = 352 
352 | 110.15 

D - 4.90 
450 | 115.05 

6.7 % Na 
(. - 360 
360 122.0 

400 123.8 

450 126.2 

7.44% Na 
t. - 320 
320 126.4 

350 128.05 

D - 6.70 
500 | 136.6 

17.35 % Na 
t. - 112 
112 122.9 

200 127.0 

D - 5.33 
350 | 135.0 

82.0% Na 
t. - 47 
47 105.6 

100 107.40 

D - 3.47 
400 I 117.80 


Hg-Na. — {Cord'd) 

t | Pt 

58.7 % Na 
t, - 65 


200 


13.58 


K-Tl (23) 

f I Pt 
7.82 % T1 
U = 110 


65 

59.4 

110 

21.30 

100 

51.6 

150 

26.40 

D = 

3.34 

200 

30.36 

400 

61.62 

D m 10.0 

100 % Na 

350 

45.40 

O CO 

O 00 

1 «. 

• 

II 

= 98 

19.75 

9.8 

Na-Cd (23) 
4.39% Cd 

U = 122 


K-Hg; 

v. Hg-K 

K-Ne 

1(1") 

4.75 

•% K 

t, = 42 

42 

20.82 

50 

21.48 

100 

24.33 

150 

27.50 

200 

30.95 

14.2 

% K 

t. - 17 

17 

32.40 

50 

34.38 

100 

37.40 

150 

40.70 

200 

44.40 

26.7 

% K 

U - 

-12.5 

-12.5 

35.65 

+50 

39.00 

D = 

-.5.76 

200 

| 47.65 

42.5 

% K 

U - 

+6.5 

6.5 

35.75 

50 

38.18 

D - 

5.55 

150 

43.73 

200 

46.21 

62.6 

%K 

t. - 

30.0 

30.0 

28.75 

50 

29.73 

D - 

4.98 

200 | 

37.20 

87.14 

t % K 

t. - 71 

71 

17.25 

100 

•18.46 

D - 

4.19 

200 | 

22.65 

93.34 

! % K | 

i. - 82 

82 

13.05 

100 

13.8 

D - 

4.22 

200 | 

18.02 


122 

15.30 

150 

16.18 

200 

17.71 

250 

19^25 

300 

21.24 

350 

23.36 


Na-Hg, Na-K; v, 
Hg-Na, K-Na 


Na-Pb ( 23 ) 

8.26% Pb 
U = 185 
185 24.0 

200 24 . 74 

D = 4.78 
350 1 31.91 

Na-Sb (23) 

0.51 % Sb 
t m = 104 
104 10.24 

150 12.04 

D - 4.03 
350 I 20.10 


Na-Tl (23) 
7.61 % T1 
t m - 93 


93 

20.40 

100 

20.48 

150 

22.32 

200 

24.10 

250 

26.00 

300 

28.24 

350 

30.58 


K-Rb; v. Table 2 


Ni-Cu; v. Cu-Ni 

Pb-Bi (> 97 ) 
0% Bi 
t. - 327 
327 94.6 

400 98. 0 

D - 4.62 
1000 I 125.7 
1.197% Bi 
i. - 327 
327 97 . 8 

400 97. 8 

D - 4.60 
1000 | 125.4 

Pb-Cd ( 197 ) 
0% Cd 
1. - 327 
327 94.6 

400 98. 0 


Pb-Cd. — (Cord'd) 

t I Pt 
0% Cd 
D = 4.60 
800 | x 116.4 

1.44% Cd 
t, = 313 
313 93.2 

400 97. 1 

D = 4.50 
800 | 115.1 

2.9 % Cd 
t, - 300 
300 92.0 

400 96. 5 

D = 4.45 
800 I 114.3 


Pb-Cu; v. Cu-Pb 


Pb-K ( 23 ) 
0.38 % K 
t m m 319 
319 93.6 

350 95.76 

D - 6.98 

600 I 11322 


Pb-Na (23) 
0.11% Na 
t m m 326 
326 95 64 

350 96.90 

D - 5.31 

650 | 112. 84 


Pb-Sb ( 19T ) 
0% Sb 
/. - 327 
327 94.6 

400 98. 0 

D - 4.62 

1000 | 12&- 7 

0.76 % Sb 
• t . - 315 

315 I 94.1 

400 I 97. 9 

t D - 4.56 
1000 | 125.25 

2.03 % Sb 
f. - 300 

300 93.0 

400 97. 6 

O - 4.57 
1000 | 125.00 

18.39% Sb 
U - 253 
253 96.9 

400 102. 6 

O - 3.95 

1000 I 1700_ 
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C-Table. — The C-Arrangement.-^(CWtntied) 


Electrolyte 


Formula 

CuHuOl 

CiiHuO, 

CiiHwN 
CnHnNO, 

CuHisOi 
C11H15O4 
CnHisOi 

CuHuOa 

CnHi.N. 0 . 
C11H20O4 
C11H10O4 
C11H20O4 

C11H20O4 

CuHioOi 

C11H20O4 

CuHijOj 

CiiH,,Oe 

C 11 H 22 O 8 
C12H4O12 
C12H8N2O4 

C12H9NO2 
C12H9N3S 
C12H10N2O 

C12H11IO 
CitHuNO, 

Ci, Hi, NO, 

C12H12O2 
C12H12O4 

C l2 H 12 0 4 
C i 2 H 12O4 

C12H1204 

C12H1206 
C12H1206 
C12H1208 

c ij h„no 6 
c 12 h 13 no 5 

cl,Hi 3 NO* 

Ci,HijNO« 

Ci,Hi,NjOj 

CnHuOj 
C12H14O4 

C„H U 0 « 

CijH U 0 4 
C^HuOe 
CnHuO* 


Name 

3-Methylcyclohexylidenesuccinic 

acid 

2, 6-Dimethylpentane-2, 6-tetra- 

carboxylic acid 

Diethylbenzylamine 

Methyl 2-hydroxytrimethylammo- 

niumbenzoate 

Cycloheptane- 1, 1-diacetic acid — 
Mono-a/Jo-methyl d-camphorate. . . 

Mono-o-methyl d-camphorate 

s y m .■ -Te t r a m e t h y 1-0-acetoxy glu- 

taric acid 

Antipeptone (/3) 

2, (j^Diethylpimelic acid 

/3, /3-Dipropylglutaric acid 

Monomethyl cis-aym.-diisopropyl- 

succinate 

Monomethyl traw-sym.- diisopro- 

pylsuccinate 

a. a-Diinethyl-a'-isoamylsuccinic 

acid 

Octylmalonic acid 

a-D i m e t h y l-/3-hy droxypel argonic 

acid 

Tetramethyl-a-methylglucoside . . . 
Tetramethyl-0-methylglucoside . . . 
Mellitic acid 

3, 2'-Dipyridyl-2, 3'-dicarboxylic 

acid 

3-Phenylpyridinecarboxylic acid. . . 

Thionine 

p-Oxyazobenzene 

Diphenyliodonium hydroxide. 

a-Naphthylaminoacetic acid 

/3-Naphthylaminoacetic acid 

Phenyldihydroresorcinol 

Benzylglutaconic acid 

7-Methyl-7-phenylitaconic acid. . . 
7-Methyl-7-phenylisoitaconic acid 
7-Methylene-7-phenylpyrotartaric 

acid 

a-Keto- 7 -phenyladipic acid 

Benzylethenyltricarboxylic acid. . . 
Diacetyld iketohexamethylenedi- 

carboxylic acid 

# 

a-Monomethyl benzoylaminosucci- 

nate 

/^-Monomethyl benzoylaminosucci- 
nate 

a-Ethyl 2, 4-dimethylpyridinetri- 

carboxylate 

/3-Ethyl 2, 4-dimethylpyridinetri- 

carboxylate 

Ethyl l-p-tolyl-5-hydroxy-l, 2, 3- 

triazole-4-carboxylate 

^-Phenyl- 7 -acetylbutyric acid 

Ethylbenzylmalonic acid 

mes 0-8 y m.-Methylbenzylsuccinic 
acid 

p-st/m.-Methylbenzylauccinic acid . 

1- Monoethyl hemipinate 

2- Monoethyl hemipinate 


°c 

Cr Range 

[25] 

(?) 

25 

0.06-0.004 

25 

0.008-0.002 

1.2 

0.016 

25 

0.004-0.001 

25 

0.005-0.0012 

25 

0 009-0.001 

25 

0.03-0.0016 

[25] 

0.12-0.002 

25 

0 007-0.0008 

25 

0.002-0 0005 

25 

0.004-0.0005 

25 

0.003-0.0003 

25 

0.008-0.001 

25 

0.002-0.0003 

25 

0 008-0 .0005 

25 

0.5 

25 

0.5 

25 

0.014-0 0004 

25 

0.008-0 0005 

25 

0.008-0.001 | 

25 

0 004 

25 

0.0009 

25 

0.03-0.004 

25 

0.001-0.0005 

25 

0.002-0.001 

25 

0.002-0.0005 

25 • 

0.06-0.0009 

25 

0.016-0.001 

25 

0.017-0.0005 

25 

0.016-0.001 

25 

0.03-0.004 

25 

0.03-0.016 

(25] 

0.001-0 0005 

25 

0.03-0.002 

25 

0.016-0.002 

25 

0 . 03-0 . 0005 

25 

0.03-0.0005 

25 

0.006-0 0014 

25 

0.03-0.0005 

25 

0.03-0.004 

25 

0.03-0.002 

25 

0.03-0.002 

25 

0.005-0.0007 

25 

0.007-0.0009 


A 


0 


k(or A<) 


Lit. 


(?) 

373 

222 

(?) 

(?) 

376 

376 

375 

(?) 

373 

(?) 

374 

374 

375 

375 

374 

(?) 

(?) 

(?) 

376 
376 

(?) 

(?) 

(?) 

373 

373 

376 

377 
376 
376 

376 

375 

375 

(?) 

376 
376 

(?) 

(?) 

374 

375 

376 

376 

376 

375 

375 


2.08 X 10 _/ 

• 

3.7 X 10" 3 

3.0 X 10" 6 

Ao.oie = 134 
3.95 X 10“« 
1.06 X 10-‘ 
7.78 X 10~« 

5.2 X 10" 6 
Ao.o« = 14.1 
3.40 X 10' 5 

3.4 X 10~* 

1.15 X 10"< 

6.3 X lO” 5 

6 . 1 X 10"< 

9.2 X 10 -4 

1.8 X 10" 6 
A 0.6 = 0.014 
Ao. 6= 0. 038 . 
A 0.014 = 450 

3 . 1 X 10~ 4 
4 X' 10“ fl 
Ao.004 > 17.7 

Ao.ooo* = 1.1 
Ao.oa = 198 

3.2 X lO" 5 

5.5 X 10“ 5 
1.14 X 10-* 
1.50 X 10- 4 
1.97 X 10" 4 
2.31 X 10- 4 

1.91 X 10~ 4 

8.9 X 10-« 

3.0 X 10"* 

A 0.001 — 343 

1.85 X 10- 4 

4 9 X lO" 4 

Ao.oj = 263 .6 


Ao. 


01 


277.9 


1.0 X 10”* 

3 . 13 X 10” 6 
1.4 X 10”* 

2.42 X 10” 4 

2 . 14 X 10” 4 
1.45 X 10” 4 
1.0 X 10” 4 


( 531 ) 

( 58 2) 

( 207 ) 

( 140 ) 

( 525 . 2 ) 

( 583 ) 

( 583 ) 

( 402 ) 

( 420 ) 

( 582 ) 

( 525 . 2 ) 

( 96 ) 

( 96 ) 

( 97 ) 

( 524 ) 

( 550 ) 

( 7l ) 

( 71 ) 

( 49 ); cf. (48) 

( 436 ) 

( 436 ) 

( 230 ) 

(l 79 ) 

( 539 ) 

( 579 ) 

(S 7 ®) 

( 508 ) 

(* 77 ) 

( 529 ) 

( 524 , 529 ) 
( 529 ) 

( 156 ) 

( 578 ) 

( 184 ) 

( 442 ) 

( 442 ) 

( 320 ) 

( 320 ) 

( 158 ) 

( 508 ) 

( 577 ) 


( 577 ) 

( 577 ) 

( 597 ) 

( 597 ) 


/ 
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C-Table. — The C- Arrangement. — {Continued) 



C.aHuNO, 

CuHijNOi 

C12H1RNO3 

CnHuNO, 

CnHuNO* 

CuHuOi 

C12H20O4 

CuHtoO* 

CnHwO* 

CmH^NO 

c„h 11 o 4 

CijHij 04 
C1JH22O4 
Ci jH jjO 4 
C15H22O11 

C 12 H I7 N 

CijH p N 

C„H 9 N0 4 

C„H 9 N04 

C„HuNO, 

CnHiiOft 

Ci,H u N 0 5 

CuHisNO* 

C11H14O4 

Ci*Hi« 0 4 

C11H14O4 

CnHiftOa 

CijHieO* 

CuHuO* 

CuHpNO* 

CuHpNOj 

CuHirNO, 

CiaHnNO* 

CnHirNO, 

CiaHioOa 

C1IH1404 

CiiH J 4 0 4 

Ci 4 H|BrO*S 

C14H ioOj 

CiaHioOa 

CnHioOa 

CuHioOaS 

CuHioOjS 

C JFI-m0 4 

Cv^JlioOl 

CuHuN 

CuHitOi 

CuHitOa 

CuH„ 0 .(?) 

C14H1.NO, 


a-Acetylanilinobutyric acid 
d-Acetylanilinoisobutvric acid... . 
a-Acetyl-o-toluidinoprOpionic acid 
at-Acetyl-p-toluidinopropionic acid 
Cotarnine 

a - Isopropyl-/3-phenyl-/3-hydroxy- 

pmpionic acid 

Mono-o-ethyl Lisocamphorate 

a t 7-Diisopropyltricarballylic acid 
(M. P., 156°) 

a, y-Diisopropyltricarballylic acid 
(M. P., 173°) 

Triethylphenylammonium hy- 
droxide 

cw-spm.-Diisobutylsuccinic acid. . . 
trans-sym . -Diisobutylsuccinic acid . 
Monocthyl sebacate 

Tetraethylsuccinic acid 

Saccharose 

Triisobutylamine 

Acridine 

at- Phenylpyridinedicarboxy lie acid 

0- Phenylpyridinedicarboxylic acid 

Phenyldihydroresorcylic acid ni- 
trile 

Mesitylenediglyoxylic acid 

eso-Monoethyl acetylphenylgly- 

cine-o-carboxylate 

exo- Monoethyl acetylphenylgly- 

cino-o-carboxylate 

Dimethylbenzylsuccinic acid 

m^o-Ethylbenzylfluccinic acid 

paro-Ethylbenzylsuccinic acid 

Methylbenzylglutaric acid 

1- Monopropyl hemipinate 

2- Monopropyl hemipinate 

a- Acetyl- p-toluidinobutyric acid. . 
a-Acetyl-p-toluidinoisobutyric acid 
0-Acetyl-p-toluidinoisobutyric acid 
at-Acetyl-o-toluidinobutyric acid.. . 
£-Acetyl-o-toluidinoisobutyric acid 
Diethylpentanetetracarboxylic acid 

2, 6-Dipropylpimelic acid 

2, 6-Diisopropylpimelic acid 

10-Bromophenanthrene-3(or 6)- 

sulfonic acid 

Fluorene-9-hydroxy-9-carboxylic 

acid ; 

o-Benzoylbenzoic acid 

Diphenyleneglycolic acid 

Phenanthrene-3-flulfonic acid 

Phenanthrene-10-suIfonic acid 

Diphenic acid 

op- D igallic acid 

Methylacridine 

Diphenylacetic acid 

Benzilic acid 

Tannic acid 

Methylphenyldihydroreaorcylic 

acid nitrile 


25 
25 
25 
25 
0 
25 

25 

25 

25 

: 25 

25 

25 

25 

25 

25 

25 

25 

0 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25. 

25 

25 

25 

25 

25 

25 

18 

25 

25 

25 

18 

18 

25 

25 

0 

25 

25 

0-65 

25 

25 


0.003-0.008 
0.003-0.0009 
0.003-0.0008 
0.003-0.0008 
0.008-0.001 
0.008-0.001 

0.03-0.0009 
0 . 004-0 . 002 

0.01-0.0013 

0.000-0.0008 

0.06-0.004 
0.0015-0.0004 
0 . 001 - 0.0002 
0.002-0.0005 
0.0011 
2 . 0 - 0.02 
0 002 - 0.001 
0.008 

0.008-0.0005 

0.016-0.0005 

0 . 003-0 0003 
0.03-0.001 

0.014-0.0009 


0 03-0.0016 
0.016-0.002 
0.03-0.002 
0.016-0.001 
0.03-0.002 
0.004-0.001 
0 . 002 - 0.001 
0.003-0.0008 
0.004-0.0009 
0.003-0.0007 
0.004-0.001 
0 . 002 - 0.001 
0. 0fr-0. 01 
0 . 001 - 0.0002 
0.004-0.0005 

0.5-0.0002 

0.01-0.0003 
0 . 001 - 0.0002 
0.008-0.001 
0.03-0.001 
0.03-0 001 
0.008-0.0001 
0.03-0.008 
0.004 

0.0004-0.0002 
0.02-0 0008 
0008-00005 
0.03-0.008 

0 004-0 0002 


371 
371 
371 
371 
134 
226 

374 

375 

374 

374 

228 

375 

375 
374 
374 

(?) 
220 

(?) 

376 
376 

376 
376 

374 

374 

376 

376 

376 

376 

374 

374 

371 

371 

371 

371 

371 

373 

373 

373 

(?) 

376 
376 
375 
344 
344 

374 
373 

(?) 

375 

375 
375 
373 


1.05 X 10" 4 
2.7 X 10" 4 
1.02 X 10" 4 
1.02 X 10" 4 
Ao. 0 Q 8 = 53.5 

Ao.ooa = 124 

5.60 X 10"* 

6.4 X 10"« 

1.62 X 10"* 

1 . 92 X 10‘* 

Ao.o* ** 192 

5.5 X 10" 4 
2.24 X 10" 4 
1.42 X 10"* 
4.4 X 10" 4 
A©.o» = 0.030 

2.1 X 10" 4 
Ao. 008 = 24 

1.2 X 10" 4 
1.08 X 10" 4 

1.95 X 10“ 4 
Ao.o, = 261 

3.03 X 10" 4 

• 

3 . 75 X 10" 4 
4.46 X 10" 4 

4 .06 X 10" 4 
2.57 X 10" 4 

5.7 X 10"* 

9.2 X 10" 4 
1.43 X 10" 4 
1 .05 X 10" 4 

9.3 X 10"‘ 
2.24 X 10"* 

9.0 X 10" 4 

2.0 X 10" 4 

2.1 X 10"* 

3.2 X 10" 4 
3.2 X10" 4 

Ao. oi ” 220 

1 . 18 X 10"* 

3.7 X 10" 4 

9.8 X. 10" 4 
Ao.o* = 313 
Ao.o* =319 
5 X 10" 4 
1 . 1 X 10"* 

Ao. 004 “ 55 
1.1 X 10" 4 
9.0 X 10" 4 

Ao.o* =2.1 

2 0 X 10" 4 * 


( 579 ) 
( 579 ) 
( 579 ) 
( 579 ) 
( 141 ) 
( 241 ) 

( 550 ) 
( 593 ) 

( 95 ) 

( 98 ) 

( 433 ) 

( 97 ) 

(”) 

( 582 ) 

( 592 ) 
( 71 , 210 ) 

( 104 ) 
( 241 ) 
( 438 ) 
( 436 ) 

( 508 ) 

( 105 ) 

( 394 ) 

( 394 ) 
( 577 ) 
( 577 ) 
( 577 ) 

( 60 ) 

(. 98 ) 

(. 98 ) 

(. 79 ) 

(. 79 ) 

(. 79 ) 

(. 79 ) 

(. 79 ) 

(. 82 ) 

( 8 . 2 ) 

(. 62 ) 

(. 03 ) 

(• T ) 

( 397 ) 

( 388 ) 

(. 01 ) 

(. 02 ) 

( 432 ) 

(. 71 ) 

( 241 ) 

(...) 

( 49 , 67 , 37 .) 
( 610 , 611 ) 
(. 71 ) 

( 808 ) 


LECTRICAL CONDUCTIVITY— AQUEOUS SOLUTIONS: C„H U TO Ci»H„ 


301 


C-Table. — The <E-Arrangemerit. — (Continued) 


Electrolyte 


Formula 

CmHuNOi 
CuHnNOj 
CuHuNO* 

C14H11NO4 

CuHuNOr 
Ci«H, 6 N,0,S 

CuHieO* 

c 1 «h 17 n’o. 

ChHibOi 

ChHisOi 

CuHi»NO« 

CuHnNOj 
CuHuNsOi 
CuHieOi 

CuHioOj 
CuHuNjO# 

C,«H„NOt 
C.eHuNOtSi 

CiJIuNjO? 
CuHuOt 
CiaHuOi 

Ci«HuO« 

CieHuOa 
CuHuNOa 

CuHhOi 

CieHnNOi 
CuHuN.OS 

CnHijOt 

CuHiiNOr 

CnHi*NO» 

CuHuOt 
CwHuOi 
C17H17N1 

CnH^NO. 

CnHnNi 
C17H31N1 

CmHuNOi 
CitHjiNO* 
CuHitO* 
CuHmOi 
CuHitN«0 

CuHi« 0 « 

CwHiiO* 
Ci»HuO« 

C«H»N, 

C 11 H 11 NO 4 

CiiH u N|0 

CitHttNtO 
Ci»H» 6 0« 


Name 

Acetyl-a-naphthylaminoacetic acid 
Acetyl-0-naphthylaminoacetic acid 

a-Naphthyliminodiacetic aoid 

/3-Naphthyliminodiacetic acid 

Diethyl o-nitrobenzoylmalonate . . . 
p- Dim ethylaminoazobenzenesul- 

fonic acid 

Benzyhsobutenyltricarboxylic acid 
a, 0-Diethyl 2, 4-dimethylpyridiue- 

tricarboxylate 

di-Amylcoumaric acid 

dJ-Amylcoumarinic acd 

JPhenyllutidinedicarboxylic acid . . 

Pyropapaveric acid. . ; 

Pyropapaveric acid ketoxime 

Ethyl phenyldihydroresorcylate . . . 
0-Phenyl-7-trimethylacetylbutyric 

acid 

Diphenyivioluric acid 

Papaveric acid 

Phenyl-0-naphthylaminetrisulfonic 

acid ; *. 

Papaveric acid ketoxime 

Diphetiylcrotonic acid 

0, 7-Diphenylvinylacetic acid. . ... . 

0-para-Diphenylsuccinic acid 

aym.-Diphenylsuccinic acid 

Monomethyl phenyllutidinedicar- 

boxylate •. 

Dibenzylacetic acid . . ; 

Acetyl-0-naphthylaminoisobutyric 

acid • 

Tetramethylthionine hydroxide . . . 


0-Chrysenic acid 

0- Monomethyl papaverate 
7-Monomethyl papaverate 

Dibenzylmalonic acid 

Diphenylglutaric acid 

Auilopyrine 

Morphine 


I , °C 


25 


Auramine G 


Auramine O 


Atropine 

Hyoscyamine 

Chrysodiphenic acid . . . 
Dibenzoyltartarjc acid . 
Phenosaf ranine * 


7-B e n z y 1 i d e n e-7-phenylpyro tar- 
taric acid 

ae-Truxillic acid 

7-Truxillic acid 

2, 5-Benzyliminopyrine 

Methylmorphinium hydroxide . . . 
p-Triaminotriphenyl carbinol 



Cinchonine 

Cetylmalonic acid 


25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

[25] 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 
0 
25 
25 
25 
.25 
• 25 
25 
18 
18 
25 
0 

25 

0 

25 

25 

25 

25 

25 

0 

25 

25 

25 

25 

18 

[25] 

0 

25 

18 

25 


Cr Range 

Ao 

Jc(ot AJ 

Lit. 

0 . 004-0 . 0009 

371 

2.03 X 10“ 4 

( 57 9 ) 

0.002-0.001 

371 

2.36 X 10" 4 

( 57 . 9 ) 

0.005-0.0012 

371 

5.0 X 10-< 

( 579 ) 

0.005-0.0012 

371 /, 

2.3 X 10" J 

( 579 ) 

0.001-0.0004 

371 

2.10 X 10- 4 

( 569 ) 

0.001-0.0002 

371 

(3 X 10" 6 ] 

( 622 ) 

0.016-0 008 

373 

1.3 X 10- J 

( 578 ) 

0.016-0.001 

371 

1.8 X 10-* 

( 32 °) 

0.0001 

374 

1.3 X 10" 6 

( 488 ) 

0.0005 

374 

4.0 X 10" 6 

( 488 ) 

0.002-0.0005 

376 

1.15 X 10- 4 

( 436 ) 

0.0013-0.0003 

376 

Ao.ooia = 101 .0 

( 49 ) 

0.0011-0 0006 

376 

3 X 10 -6 

( 49 ) 

0.004-0.0004 

375 

6.05 X 10~* 

( 508 ) 

0.002-0.0003 

375 

2.5 X 10" 6 

( 508 ) 

(?) 

(?) 

7.7 X 10" 6 

( 348 ) 

0.004-0 001 

373 

9 X 10" 3 

( 318 , 436 ) 

0.0013-0.00016 

371 

Ao.0013 = 351 

( 165 ) 

0.002-0.0005 

(?) 

A 0.002 = 406 

( 49 ) 

0.002-0.001 

375 

8 X 10" 5 

( 188 , 338 ) 

0.002-0 001 

375 

5.5 X 10' 4 

( 188 , 338 ) 

0.0005-0.0002 

375 

2.2 X 10" 4 

( 577 ) 

0.02-0.0014 

375 

2.55 X 10" 4 

( 577 ) 

0.008-0. 001 

A 

376 

4.5 X 10" 5 

( 436 ) 

0.0005-0.0002 

374 

2.7 X 10" 5 

( 558 ) 

• 

0.0012-0.0006 

371 

2.16 X 10” 6 

( 579 ) 

0.002 

133 

Ao. 042 = 99 

( 230 , 246 ) 

0.002 

225 

Ao.002 — 150 

( 230 , 246 ) 

0.0008-0 0003 

375 

9.0 X 10“ 4 

( 601 ) * 

0.002-0 001 

375 

4 X 10" 3 

( 598 ); c /. ( 318 ) 

0.002-0 001 

375 

6 X 10" 3 

( 598 ); Cf. ( 318 ) 

0.008-0 004 

374 

3.8 X 10"» 

( 577 ) 

0.003-0.0008 

372 

1.45 X 10~ 4 

( 631 ) 

0 05-0.001 

(?). 

[Ao.06 = 80] 

( 401 ) 

O': 0005 

(?) 

Ao.0006 = 9.5 

( 388 ) 

0.0006 

( 

■ Ao.oooe = 33 

( 392 ) 

0.001 

(•/ 1 

A 0.001 =30.6 

( 246 , 626 ) 

0.001 

’ (?) ' 

A 0.001 =48.3 

( 246 , 626 ) 

0.001 

(?) 

A 0.001 .= 30.8 

( 626 ) 

0 001 

(?) 

A 0.001 =43.7 

( 626 ) 

0.005-0.0012 

(?) 

Ao.006 = 37 

( 587 ) 

0.01-0.0012 

(?) 

[Ao.oi = 19.3] 

( 587 ) 

0.0016-0.0004 

375 

1.6 X 10"\. 

( 601 ) 

0.003-0.0008 

374 . 

• 

Ao.ooai = 257 

( 577 ) 

0.002 

• 

131- 

Ao.ooj = 112 

( 246 ) 

0.002 

222 

Ao.ooa = 176 

( 246 ) 

0.016-0.004 

373 

1 . 18 X 10" 4 

( 532 ) 

0.0002-0.0001 

373 

4.9 X 10" 5 

( 26 ) 

0.002-0.0005 

373 

1.05 X 10" 4 

( 26 ) 

0.05-0.001 

(?) 

A 0.06 = 157 

( 401 ) 

0.05 

(?) 

[Ao.06 = 5] 

( 219 ) 

0.002 

(?) 

Ao.002 > 85 

( 246 ) 

0.002 

220 

Ao. 002 ^ 135 

( 246 ) 

0.00007 

194 

1.2 X 10~* 

( 388 ) 

0.004-0.0005 

372 

2.4 X 10“ 7 

( 524 ) 
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Electrolyte 


(T-Table. The ^-Arrangement. — ( Continued ) 


Formula 


Name 


CsoHmNoOtSs 

a-Naphthalencazo-/^naphtholdi- 

Bulfonic acid 

CwHwNO 

Methylphenylacridinium hydrox- 
ide 

C ^0 H 2 1 N O 4 

Papaverine 

C 20 H 24 N 0 O 2 

Quinine 

C 21 H i#N JO 4 

Pyropapaveric acid phenylhy- 
drazone 

C 21 H 22 N 2 O 2 

Strychnine . . . 

^ 2 lH 24 O 4 

2 , 6 -Dibenzylpimelic acid. 

C 2 lH 3 4 N cOg 

Pepsin fibrin peptone (a). 

C 2 2H I5 C1N 2 0 

C 22 H 18 N 30 

6 -Chloro-o-N-phenyinaphthophen- 

azonium hydroxide 

Rosindulinium hydroxide 

C 22 H 19 N 306 

C„H2,N0 7 

Papaveric acid phenylhydrazone. . 
Narcotine 

C 21 H 2 oOfl 

Methyl 3, 6 -dimethoxyphenylxan- 
thoniumcarboxylate . . 

C„H 2 C N 20 4 

Brucine 1 

c»h 31 n,o 

H e x a methyl-p-triaminotriphenyl 
carbinol (crystal violet) . 

C2 «Hi 8 N20 

Phenyl phenanthrophenazonium 
hydroxide 

C2#H4iN0 8 

Glycocholic acid . . 

Ct7H J 4 N20 

retraethyldiaminotriphenyl car- 
binol (brilliant green) 

C 32 H 24 N flOftS 2 

Congo blue 

CjjHtiOia 

CnHaiNaOioSj 

Polymethacrylic acid . 

T rip h 0 nyl-j>-rosanilinetrisulfonic 

acid 




LITERATURE 



25 

0 

18 

25 

18 

25 

25 

18 

25 

25 

[25] 

0 

25 

25 

18 

0 

18 

25 

0 

25 

0 

25 

0 

25 

25 

18 

90 


(For a key to the periodicals ace end of volume) 

(,) f /, bati ’ S0 'J ,6 "it 834: 06 (2) Abati ’ 96 ' 38 I: 18 2; 08. (>) Abati and 

8olimene, 36, 38 II; 677; 08. («) Abbott and Bray, 1 , 31: 729; 09. («> 

m *0*8 n™A 1291 03 ‘ (<) ACTee and Shadinger. //, 39: 

124. 08. ( 7 ; Angeh, 55. 39 II: 1; 92. (») Angeli and Rimini, 55, 20 II : 34; 

96. (•) AnschOts, 13, 383: 130; 07. 

( >°) AnschQU and Motechmann, 13, 892: 100; 12. (U) Arrhenius, 7, 4: 96; 89. 

^ 1 Arrbeiuufl ' 7 * 5: I: 00. (**) Aschan, 13, 271: 231; 92. (»«) Askcnasy 

A so 13641 93 - (,5) Aariel - Heidelberg. 1900. 

Auerbach, 7, 49: 217; 04. (» 7 ) Auerbach and Zeglin, 7, 103: 178; 23. (»•) 

Auld and HanUsch. £5. 88: 2677; 05. («•) Auwers, 13, 285 : 241; 95. 

( ) uwers,/5,291:132;96. (* >) Auwers, 13, 298 : 147; 97. (**; Auwers and 

Campenhausen. £5 29: 1543; 96. (») Auwers and Jacob. £5. 27: 1114; 

* r! ’ , , UWCTB » Kobncr and Meyenburg, 26, 24: 2887; 91. (*») Auwers 

and Oswald, 13, 285: 283; 96. (*«) Bader, 7, 8: 289; 90. (*?) Baeyer 13 

269:145:92. (*•) Bailey and Mikeska. /, 38 : 1771 ; 16. 

Balbiano, 36, 2« II: 490; 99. (**) Bamberger, 26, 27: 359; 94. (**) 

Bamberg^, 25, 35: 3697; 02. (33) Bamberger and BerR, 13, 273: 303; 93. 

m ftnd L0dter * 13 ' 388: 74; 95 - Barmwater. 7 > g 0: 657 ; 

, ( } Barmwater - 7 > 66 : 225; 06. (3») Barth, 7, 9 : 176; 92. 

( 96: 97 ‘ (42) Baur ’ 7f 18: 182; ° 5 - < 4S > Baur * 7 * 23 : 409 ; 

97. (««> Bayliss, £55, 36: 221; 08. («») Berthelot, 5, 23 : 5 ; 91. (**) 

Bcrthelot, 5, 24: 5; 91. («*) Berthelot, 34, 110: 703; 90. (<•) Berthelot, 

84, 1H: 287; 91. ( 49 ) Bethmann, 7, 5-: 385; 90. 

^ § Bicbat ' Bull. Soe. Nancy, (2) 11, Butt. Stances, 7°, 16 (1891). («>) 

t6% 4,1 6681 10 ' Biilmann &n <i Bjerrum, 25, 49: 2515; 16. 

( ) BiUitser. 67, 20 : 666 ; 99. (*«) Bischoff, 26, 24: 1064 ; 91. (*») 

Bischoff, 26, 24: 2001; 91. (»•) Bischoff, £5, 33 : 924 ; 00. (■*) Bischoff, 

26, 23 : 931; 00. (»•) Bischoff and Jaunsnicker, 26, 23 : 3399 ; 90. (••) 

Bischoff and Mints, 26, 23: 3410; 90. 


0.01-0.0006 

0.004 
0.00013 
0.00016 
0.0006 
0.0007 

0.001-0.0005 

0.0002 

0.0002 

0.0005-0 0002 
0.06-0.001 

0.002 
0.002 
0.0005 
0 . 00004 

0.005 

0.0013 

0.0014-0 0007 

0.004-0.002 

0.004 


0.002 

0.0013-0.0006 

0.004 

0.003-0 0004 
0 03-0.0005 

0.0025-0.0006 
0 0025-0 0006 


(?) 

A 0.01 

(?) 

[Ac. 004 


196 
222 
196 
222 

373 
195 
221 

372 

(?) 

(?) 

225 

373 

(?) 

(?) 

194 

220 

132 

223 

131 

367 

(?) 

(?) 

367 

(?) 

(?) 


344 


= 117) 
2.8 X 10" 7 
[5 X 10-«] 

1.7 X 10“* 

[1 X 10-»] 

3.6 X 10~* 

8.5 X 10" 7 
[6 X 10-»] 

4.8 X 10“* 
Ao.os = 10.8 

Ao.oot> 110 
Ao.ooi = 23.4 

4.5 X 10-* 

Ao. 00004 = 8.5 

Ao.004 = 82 
1 X 10-« 

6 X 10 -4 


As. 004 

Aq. 004 


110 

150 


Ao.oo* > 3.4 
1.3 X 10“ 4 

A©. 004 =24.3 
As.ooi = 13.0 
3.5 X 10“® 


As. 0015 
Ao.oot* 


556 

1156 


(445) 

(241) 
(388) 
(392) 
(388) 
(392) 

(49) 
(388) 
(392) 
(582) 
(420) 

(246) 
(246) 

(49) 

(388) 

(307, 409) 
(388) 
(392) 

(246) 

(246) 

(246) 

(91) 

(246) 

(89) 

T 405) 

(324) 

(324) 
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Coops, 64V, 29: 368; 20. C 71 ) BScseken and Couvert, 70, 40 : 864; 

( 7a ) Bdeseken and Dujardin, 70, 31: 97; 13. ( 7 ») Bdeseken and \r» JJj 

Ent, 70, 37 : 178; 18. ( 74 ) Bdeseken and van Giffen, 70, 39: 183; 20. (> 

Bdeseken and de Graaff, 70, 41: 199 ; 22. ( T4 J Bdesekeii, Hansen 
Bertram, 70, 85: 309; 16. ( 77 ) Bdeseken and Hermans, 70, 4i:’l J04; • 

( 7I ) Bdeseken and van der Hoek Ostende, 70, 011 162; 18. ( T ) 
and Kalshoven, 70, 87 : 130; 18 . . j 

( #0 ) Bdeseken and van Lennep, 70, 81: 196; 12. (•*) Bdeseken snd Ouw • 

70, 40: 574; 21. (•*) Bdeseken and van Roasem, 70, 30: 392; 11- ' 

Bdeseken and Rost van Touninfen, 70, 39: 187; 20. J 

Schweiser and van der Want, 70, 31: 86; 12. (••/ Bdeseken. turm 

Goettsch, 70, 37: 144; 18. (••) Bdeseken and Verkade, 70, 00: 10/. 

(» 7 ) Bdeseken and Voogd, 70, 41: 745; 23. (••) Bdeseken, Weu,fr JrJJ 

Loon and Goettsch, 70, 37: 165; 18. (••) Bogoiavlenaki, 63, 44 : 1® • 

(®«) BoUemont, 27, 25: 28; 01. (•*) Bondi, 202, 53 : 8; 07. (”) 

Henstock, 4, 83: 1380; 03. (•*) Bone and Perkin, 4. 07: 10®. 

Bone and Perkin, 4. 57: 416; 95. (••) Bone and Sprinkling. • 

99. (••) Bono and Sprankling, 4. 77: 654; 00. (* 7 ) Bone and Sprs 

4, 77; 1298; 00. (•*) Bone and Sprankling, 4* 01 : 29; 02. ( ) 


Sprankling, ' h 80: 1378; 03. ttnutv 8, 

( 100 ) Bone, flnrthnwm gh Anri ftn rankling. 4 . 85: 634; 04. ( / . i. 

3: 161 
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99. 0 s *) Constam and White, 11, 29: 1; 03. ( l34 ) Coos, 25, 36: 4109; 
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ELECTROLYTIC CONDUCTIVITY OF AQUEOUS SOLUTIONS CONTAINING TWO 

OR MORE SOLUTES 

Clarence J. West 


The following bibliography ha 8 been compiled chiefly from the 
data recorded in Annual Tables. The solutes are arranged in the 
Standard arrangement ( v . Vol. Ill, p. viii), except that the organic 
components are all placed under the inorganic component with 
which they were studied. 

The temperature of the observation and the literature citation 
follow the second component. 


HtO, 

LiOH, 25° (32, 37) . 

NaOH, 25° (32, 74) 

KOH, 25° (32, 37) 

KaSO, (77) 

RbOH, 25° (32, 37) 

CsOH, 25° (32, 37) 


H,BO,, 25° (3) 

HC1 

HNO„ 18° (47.1) 

H,As0 4 , 25° (*7,113) 

BiCL, 25° ( 8 «) 

HjBiCb, 25° (83) 

CH 4 0 (Methyl alcohol), 25° (33) 

C,H 4 0, (Acetic acid), 18° (3) 

CiH<jO (Ethyl alcohol), 25° (37) 

C 6 H 8 0 7 (Citric acid), 18° (83) 

C 4 H ijN 4 (Hexamethylenetetramine) ( 10 °) 
C 7 H«0, (Benzoic acid), 26° (78) 

C 7 H, 0 , (Sahcylic acid), 25° (78) 

H.BOa, 25° (78) 

MgCli, 18° (40) 

CaClj, 25° (40) 

LiCl, 25° (40) 

NaCl, 18° (82); 25° (30, 4») 


KBr, 0° («») 

SO, ( 8 ) 

H,Ab0 4 , 25° (333) 
KI, 25° (31) 

MoO,, 25° (314) 


Br 

HBr 

I 


mo, 


H,S0 4 


C,H 4 0 (Ethyl alcohol), 0, 12° (80) 

C,H e O (Acetone) (81) 

C|Hi,N 4 (Hexamethylenetetramine) (io°) 
ZnS0 4| 20-40° ( 100 ) 

CuS0 4 , 25° (ii); 25, 45° (»*); 25, 40, 60° (HO) 
MgS0 4 , 18° (40) 

KHSO«, 25° ( 8 ) 

NH, 

NH 4 CI, 0, 25° (4) 

C,H«0 (Ethyl alcohol), 18° (**) 

NaOH, 0, 25° (4) 

HNO, 

Bi(NO»),, 25° (»4) 

CH 4 N,0 (Urea), 30° (45) 

C 4 Hi,N 4 (Hexamethylenetetramine) (i°°) 
C 7 H 4 0 , (Benzoic acid), 25° (78) 


HgNOj, 20° (103) 

CrOa, 25° (43) 

HaBOa, 25° (78) 

Mg(NO,)„ 18° (40) 

NH40H 

NH 4 CI, 25° (57) • 

CH 4 N 2 0 (Urea), 25° (S3) 

C,H 4 0, (Glycolic acid), 25° (®«) 

C,H 6 0, (Lactic acid), 25° (36) 

C 4 H 8 0a (a-Hydroxybutyric acid), 25° (36) 
C 4 H 8 0a (a-Hydroxyisobutyric acid), 25° ( 36 ) 
H,SiOa, 25° (los.i) 

AgNOa, 25° (57) 

Al(OH)a, 0, 25° (63) 

CaClj, 25° (57) 

NH 4 CI 

CH 4 O (Methyl alcohol), 0 , 25° ( 4 , 5 ) 

CH 4 N,S (Thiourea), 25° (") 

C,H«0 (Ethyl alcohol), 0, 25° (4, 5 ); 18° ( 55 ) 
CaH 8 0 (Propyl alcohol), 0, 25° ( 6 ) 

NiS0 4 , 25° (56) 

MgCl*, 0-35° (H5) 

CaCl,, 25° (87) 

NaCl, 25° ( 88 ) 

KC1, 18° (40); 12 , 25° (73); 25° (87) 

NHaBr 

CH 4 N,S (Thiourea), 25° (") 

CaHgOa (Glycerol) (67) 

NHJ 

C,H 8 0, (Glycerol), 25-45° (42, 66 ) 

(NH 4 ),S0 4 

CH 4 N,S (Thiourea), 25° (") 

MgS0 4 , 18° (40) 

NHJ^Oi 

CH 4 NaS (Thiourea), 25° (") 

AgNO, (i 03) 

Mg(NOa),, 18° (40) 

NaNOa, 25° (« 8 ) 

HaP0 4 

C 4 H 6 0, (Pyrocatechol), 25° (> 7 ) 

C«H 8 0, (Resorcinol), 25° (17) 

C 8 H 6 0, (Hydroquinol), 25° (17) 

CeHaOa (Pyrogallol), 25° (17) 

CeH 8 0 7 (Citric acid) ( 93 ) 

Fed,, 18° ( 43 ) 

MoO,, 25° ("a H4) 

AlCla, 18° (43) 

BcS0 4 , 18° (43) 

H,As 0 4 

C 4 H 8 0 7 (Citric acid), 18° ( 9 *) 

FeCl,, 18° ( 43 ) 

MoO,, 25° (H4) 

A1C1,, 18° (43) 

Zr(NO,), 

KjS0 4 , 25° (111) 
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Pb(NO»)i, 25° («») 

KIO,, 25° (60) 

KNO,, 25° («o) 

pbao.) 

TljSO t , 25° (*«) 

TIClOj 

H.BO,, 25° ( 11 ) 

HjBOj + NaCl, 25° (U) 

ZnSO 4 

KC1, 25° (loi) 

CdCl 2 


Cdl, 


C,H«0 (Acetone), 0, 25° (™, 71) 
KI, 0, 35° (H5); 25° (»04) 



Cd(CN) 

KCN, 18° (96) 


• 

HgCl 2 

NaCl, 25° (104) 

KC1, 25° (104) 

Hgla 

KI, 18° (96) 

CuCl, 

NaCl (HO) 

CuS0 4 

CaS0 4 , 25° ( 59 ) 

Na 2 S 2 0,, 18, 30, 50° ( 4 *) 
K 2 S0 4 , 18° ( 96 ) 

CuCNS 

KCNS, 18° ( 44 ) 



Agl 

KI, 18° (96) 

AgNO, 


CH 4 N 2 0 (Urea), 25° (57) 

CH 4 N,S (Thiourea), 25-° (57, 99 ) 
CjHflO (Ethyl alcohol), 25° ( 57 ) 
C,H 7 N0 2 (Urethane), 25° (» 7 ) 
C,H 6 N (Pyridine), 25° ( 57 ) 

C*H l4 Oe (Mannitol), 25° (57) 

FeCL 

AlCli, 25° (73) 

K,S0 4 , 25° 0”) 

CoClj 


CH 4 0 (Methyl alcohol), 20° («•); 0, 25° (««, 79 ) 
CjH*0 (Ethyl alcohol), 20° (»•); 0, 25° («®, 79 ) 
C|H»0» (Glycerol), 25, 35° ( 72 ) 

KCN, 25° (i°M 

CoBrj 


CaBr,, 0-35° (H») 

NiCli * 

NiS0 4 , 25° (5«) 

NiS0 4 + HjBOi, 25° (H» i 2 > 56) 
NiS0 4 + HjBOa + NaCl, 25° (H) 
KCN, 25° ( ,01 )- 

NiF* 


NiS0 4 4- H a BOa, 25° (») 

NiS0 4 + H,BO, 4- MgS0 4 , 25° (»*) 
NiS0 4 +H,BO, -f Na*S0 4> 25° (**) 


NiS0 4 

(NH 4 ),S0 4 , 25° (85) 

MgS0 4 , 25° (56) 

NaCl, 25° (5«) 

NaF, 25° (5«) 

NaiS0 4 , 25° (■•) 

K,S0 4 , 25° («•) 


KCNS, 25° (®) 


Cr(NOj) 

MoO, 


HC1, 25° (97) . 

HC1 -f HIO,, 25° (97) 

HC1 4- H 3 P0 4 , 25° (97) 

HC1 4- H,AsO,, 25° (97) , I gj 

HC1 4* C 2 H 2 0 4 (Oxalic acid), 25° (97) 

HC1 4- C 2 H 4 0 2 (Acetic acid), 25° (97) 

HC1 + C 2 H 4 0 3 (Glycolic acid), 25° (97) 

HC1 4- C 3 H«0 2 (Propionic acid), 25° (® 7 ) 

HC1 4- C 3 H«0 3 (Lactic acid), 25° (97) 

HC1 -1- C 4 H«0 4 (Succinic acid), 25° (97) 

HC1 4- C 4 H 6 06 (Malic acid), 25° (97) 

HC1 4- C 4 H«0« (Tartaric acid), 25° (97) 

HC1 4- C«H 8 0« (Tricarballylic acid), 25° (97) 

HC1 4- C c H 8 0 7 (Citric acid), 25° (97) 

HC1 4- C 7 H 12 0 8 (Quinic acid), 25° (97) 

HC1 4- C 8 H 8 0 2 (Phenylacetic acid), 25° (97) 

HC1 4- H 3 B0 3 , 25° ( 97 ) 

HIO,, 25° ( 99 ) 

HNOa, 25° (97) 

C 2 H 2 0 4 (Oxalic acid), 25° (99, 114) 

C 2 H 4 0 2 (Acetic acid), 25° (99, 114) 

C 2 H 4 0 3 (Glycolic acid), 25° (1U) 

C,H«0 2 (Propionic acid), 25° ( ,14 ) 

C 3 H 4 0a (Lactic acid), 25° ( 114 ) 

C 4 Hs 0 4 (Succinic acid), 25° ( 114 ) 

C 4 H 4 0 6 (Malic acid), 25° ( ,14 ) 

C 4 H 8 0 8 (Tartaric acid), 25° (99, 114) 

C 8 H 8 0« (Tricarballylic acid), 25° (l* 4 ) 

C 6 H 8 0 7 (Citric acid), 25° ( 99 , 114 ) 

CeH 14 0 8 (Mannitol), 25° ( 99 ) 

CiHnO# (Quinic acid), 25° ( ,14 ) 

C§H 8 Oi (Phenylacetic acid), 25° ( ,14 ) 

C 8 H 8 0 3 (Mandelic acid), 25° ( 114 ) 

Cr0 3 , 25° (97) 

H,BOa, 25° (99) 

WO, 

NaOH, 16° (38) 

Various tungstates are also given. 

UO|Cl 2 

NaCl, 25° ( 4 ®) 

U0 2 S0 4 

Na 2 S0 4 , 25° ( 4 «) 

( 46 ) also gives the oxalate, acetate, citrate and tartrate with the 
corresponding Na salts. 

HaBO, 

CH 4 N:0 (Urea,, 25° ( 24 ) 

C 2 H 4 0, (Glycolic acid), 25° ( 2 >) 

C 2 H & N0 2 (Glycocoll), 25° ( 24 ) 

C 2 H 6 N,0 2 (Biuret), 25° ( 24 ) 

C 2 H 8 0 2 (Glycol), 25° ( 22 ) 

CaHaNaO, (Cyanuric acid), 25° ( 24 ) 

C,H 6 0 4 (Glyceric acid), 25° ( 26 ) 

C 3 H 7 C10 2 (a-Monochlorohydrin), 25° (* 4 ) 

C,H 8 0 2 (1, 3-Propanediol) ( l4 ) 

C,HsO, (Glycerol), 25° (* 4 » 22 ) 

C 4 H 4 N 2 0 4 (Dialuric acid), 25° ( 24 ) 

C 4 H 4 N,Oa (Alloxan), 25° ( 24 ) 

C 4 H 4 0 8 (Dihydroxymaleic acid), 25° ( 26 ) 

C 4 H 8 0 2 (Diacetyl), 25° ( 2 °) 

C 4 H,0, (Diglycolic acid), 25° -( 2I ) 

C 4 H 4 Oe (dl- and d-Tartaric acid), 25° (*•) 

C 4 H»NOa (Nitrotricarbinylmethane) ( l4 ) 
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CiHioOt (1, 4-Butanediol) ( 14 ) 

C 4 H 10 O 1 (Glyceryl a-methyl ether) ( 65 ) 

CfcHflNiOs (Uric acid glycol), 25° ( 24 ) 

C»H # N04 (Glutamic acid), 25° ( 24 ) 

C 1 H 11 O 4 (PeDtaerythritol), 25° ( 14 > 23 ) 

CftH 4 N,Oe (3, 5-Dinitropyrocatechol) , 25° ( 15 ) 
C 4 H 1 NO 4 (4-Nitroresorcinol), 25° ( 15 ) 

CeHeO (Phenol), 25° C 23 ) 

CcHeO, (Pyrocatechol), 25° (l«t 23 ) 

C«HeO a (Resorcinol), 25° ( 23 ) 

CeHeO, (Hydroquinol), 25° ( 23 ) 

CeHeO, (Phloroglucinol), 25° (U) 

CeHeO, (Pyrogallol), 25° ( 23 ) 

CeHioO, (Divinylglycol), 25° ( 14 ) 

CeHioOe (Gluconic lactone), 25° ( 26 ) 

CeHuOr (Gluconic acid), 25° ( 26 ) 

CeHuOi (Pinacol), 25° (14) 

CeHuOe (Sorbitol), 25" (14) 

CeHieOe (Mannitol) ( 2 ); 25° (65) 

C 7 H 6 O 4 (3, 4-Dihydroxybenzoic acid), 25° ( 15 ) 

CyHeOe (3, 4, 5-Trihydroxybenzoic acid), 25° ( 15 ) 
CeHeNeOe (Alloxantin), 25° ( 24 ) 

CeHeO, [di- and d-Mandelic acid), 25° ( 18 ) 

CeHieO, (ce-Hydroxycaprylic acid), 25° ( 26 ) 

CgHieOe («, f-Dimethylmannitol), 25° ( 65 ) 

C 9 H 10 O, (^Phenyl-a-hydroxypropionic acid), 25° ( 21 ) 
C,H 10 O v (0-Phenyl-0-hydroxypropionic acid), 25° ( 21 ) 
C 9 H 10 O 4 (0-Phenyl-a, 0-dihydroxypropionic acid) ( ,9 ) 
C,Hi,0, (Glyceryl a-phenyl ether) (14) 

CeHieOe (Mannitol monoacetone) ( 66 ) 

CioH 8 0, (1, 2-Dihydroxynaphthalene), 25° ( 15 i 16 ) 
CioHeO, (2, 3-Dihydroxynaphthalene), 25° ( 16 ) 
CioH„Oe (0, y y «, f-Tetramethylmannitol), 25° (6®) 
CioHaaOe (7 6 , «, f-Tetramethylmannitol), 25° (65) 
CuH,eOe (Pentamethylmannitol), 25° ( 65 ) 

Ci,H„Oe (Mannitol diacetone), 25° (65) 

HBF 4 + Pb(BF«),, 25° (I 3 ) 

KF, 25° (l) 


Mg(OH),, 25° («2) 
Ca(OH),, 25° ( 62 ) 
Sr(OH),, 25° <«) 
Ba(OH),, 25 ° (« 2 ) 
NaOH, 0, 25° (63) 
KjSOe, 0-35° (U5) 

K,S0 4 , 20° (7) 

La(NO,),, 25° (« 0 ) 
NaNO,, 25° ( 60 ) 
KIO,, 25° (60) 


Al(OH), 


Th(SOe), 

La(IO,)t 


BeO 


C,H,0, (Lactic acid), 25° ( 34 ) 


Be(OH), 

CaHeO, (Glvcolic acid), 25° (35) 

CeHeO, (Hydroxyisobutyric acid), 25° (35) 


CaCl,, 25 c 73, 87) 

BaCl,, 18° (47) 

Ba(NO|),, 18° (47) 

NaCl, 18° (47) ; 25 0 (4*, 88) 

KC1, 18° (40, 47) ; 25° (87) 


MgCl, 


NaCIO,, 18° (40) 


Mg(C10,)i 


MgBr, 

KBr, 18° (40); 0-35° ( 11 5 ) 

MgSOe 

CaSOi, 25° (®0) 

NaaSOe, 18° (40) 

KaSOe, 18° (40) 

Mg(NO,), 

Ca(NO,)a, 25° (73, 88) 

Sr(NO,),, 25° (73) 

NaNO,, 25° ( 88 ) 

KNO,, 18° (40) 

Ca(OH)a 


CH,N, (Cyanamide), 25° (76) 
CeH„Oe (Dextrose), 25° (» 2 ) 
CeHnO. (Levulose), 25° (92) 

CaCl, 


CHeO (Methyl alcohol), 25° (57) 
C 2 H 6 0 (Ethyl alcohol), 25° (57) 
Ca(NO,)a, 25° (73) 

SrCli, 25° (73) 

BaClt, 18° (47) 

Ba(NO,)a, 18° (47) 

SrClt, 25° ( 8 7) 

NaCl (47); 25° (»7, 88) 

KC1, 25° (73, 87) 

CaSOe 


KNO,, 25° (59) 


Ca(NO,)* 


Sr(NO,) 2 , 25° ( 88 ) 

NaCl, 25° ( 88 ) 

NaNO,, 25° ( 88 ) 

KC1, 25° ( 88 ) 

Ba(OH)i 


C.HuO, (Dextrose), 25° (» 2 ) 

CeHnOe (Levulose), 25° (•*) 

BaCl, 

Ba(NO,)„ 18° (47) 

SrCl,, 25° (104) 

NaCl, 18° (47) 

NaNO,, 18° (47) 

SrClt 

C,H 8 0, (Glycerol) (67) 

NaCl, 25° ( 88 ) 

KC1, 25° ( 8 7) 

Sr(NO,)t 

NaNO,, 25° ( 88 ) 

KNO,, 25° ( 88 ) 

LiCl 

CH 4 0 (Methyl alcohol), 0, 26° (4) 

CH 4 N,0 (Urea), 20° (»«) 

C,H,0 (Ethyl alcohol), 0, 26° (4) 

CjHeOj (Glycol),' 0, 26° (4) 

C,H 8 0 (Propyl alcohol), 0, 26° (4) 

C,HsO, (Glycerol), 20° (86); 0, 26° (4) 

CitHttOu (Sucrose), 20° (86) 

KC1, 25° (49) 

LiBr 

C,HaO, (Glycerol), 25, 35° (72) 

NaBr, 25° (73) 

LiNO, 

CH 4 O (Methyl alcohol) 4* C,H«0 (Acetone), 0, 25° (**) 
C,H«0 (Acetone), 0, 25° (71); 0° (70) 

C,H,N (Pyridine), 25° («i) 
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NaOH 

CH*N, (Cyanamide), 25° (76) 

CjH e O (Ethyl alcohol), 0, 25° (*); 25° ( 57 ) 

C 3 H 9 0 (Propyl alcohol), 0, 25° (4) 

C 4 H 12 INO (Trimethylmethoxyammonium iodide), 25 ° ( 108 ) 
CjHhINO (1 rimethylethoxyammonium iodide), 25 ° ( 108 ) 

C«HjjO« (Dextrose), 25° ( 92 ) 

C«HiaO« (Levulose), 25° ( 92 ) 

CjHjOiNa (Na acetate), 2, 4° (75) 

NajB 4 0 7 (Borax), 0, 18° (®i) 

NaCl 

CH«0 (Methyl alcohol), 0, 25° (5) 

CH<N 2 0 (Urea), 25° (57) 

CiH 6 0 (Ethyl alcohol), 0, 25° («) 

C,H 8 0 (Propyl alcohol), 0, 25° («) 

C*H 9 0 (Isopropyl alcohol), 0, 25° (*) 

CjH 8 0 3 (Glycerol), 25° ( 90 ) 

C4II iO« (Tartaric acid), 25° ( ,02 ) 

C JH uO« (Glucose), 25° (4, si) 

C*H M O e (Mannitol), 25° ( 90 ) 

C7H 6 NOjS (Saccharin), 18° ( ,0 ) 

C 7 H 14 O 6 (of-Methylglucoside), 25° ( 4 , 51 ) 

C 7 H 14 O 4 ( 0 -Methylglucoside),. 25° (®l) 

CnHuOii (Sucrose), 25° ( 4 , 51) 

CitHstOu (Lactose), 25° ( 51 ) 

CuHjiO,! (Melibiose), 25° (4, #i) 

Ci,HijO, 6 (Raffinose), 25° (4, si) 

Congo red, 18° ( 27 ) 

Na 2 S0 4 , 25° (104) 

NaNO,, 18° (47) 

KCI, 18° (47); 25° (87, 104, 107) 

K,S0 4 , 18° (47) 

KNO,, 18° (47); 25° (88) 


( 86 ) 
(4, 51) 
(51) 


CjH e O (Acetone), 0 , 25° (4); 25° ( 57 ) 

C a H 7 NOs (Urethane), 25° ( 57 ) 

C,H s O (Propyl alcohol), 0 , 25° (4, 5 ) 

C.H.O, (Glycerol), 0, 25° («); 25, 35, 45° (ST). 20 c ($6) 
C 4 H| 0 4 (Succinic acid), 25° ( 102 ) 

C 4 H 10 O (Isobutyl alcohol), 0 , 25° ( 4 ) 

C 4 H 10 O (Ethyl ether), 0 ° (4); 25° ( 57 ) 

C*H*N (Pyridine), 25° ( 57 ) 

CeHuOj (Paraldehyde), 0° (4) 

CeHuOe (Dextrose), 25° (4, 51) 

CcHuO* (Mannitol), 25° ( 5 7); 20 
C 7 H 14 O 1 (a-Methylglucoside), 25° 

CtHhO. (/3-Methylglucoside), 25° 

CnHuOii (Lactose), 25° (51) 

CnHuOii (Mehbiose), 25° (4* si) 

CuHnOu (Sucrose), 25° (4, 5i) t 20° (86) 

CuHuOie (Raffinose), 20° (86); 25 ° ( 4 , 51 
CiiHctOji (Inulin), 20° *(56) 

KCIO 4 , 25° (84) 

K,804, 25° (84) 

KNO,, 18° (8); 25° («8) 

KBr 

CH 4 O (Methyl alcohol), 0 , 25° ( 4 ) 

CjH*0 (Ethyl alcohol), 0, 25° (4) 

C|H«Oi (Glycol), 0, 25° (4) 

CjHgO (Propyl alcohol), 0, 25° (4) 

CiHaOi (Glycerol), 0, 25° (4) 

KI 

CH 4 O (Methyl alcohol), 0, 25° (4, 69, 79 ) 

CiHaO (Ethyl alcohol), 0, 25° (4, 69, 79 ) 

C|H.Oa (Glycol), 0, 25° (4) 

CaH»Oa (Glycerol) ( 72 ) 

CbHjoNI (Tetraethvlammonium iodide) 2.5 


• 

NaBr 

k,so 4 

KBr, 25° (I* 7 ) 


C«H«0«K| (K tartrate) ( 28 ) 


Nal 

RbCl 

KI, 18° (47); 25° (I® 7 ) 


C,H«0 (Acetone), 15-45° (4») 


NajSOi 

RbBr 

KaSOi, 18° (47) 


C,H,0 (Acetone), 15-45° (41) 

KNO,, 18° (47) 


C,HaO, (Glycerol), 25-45° (42, 66) 


NaNO, 

Rbl 


C,H s O, (Glycerol) ( 67 ) 

CaH 12 Oe (Dextroee), 25° (®l) 

CrHuOe (a-Methylglucoside), 25° (51) 

C||H 2 ,0„ (Sucrose), 25° (»i) 

KCI, 25° (88) 

KNO,, 18° (47); 25° (88) 

NajCO, 

K*S0 4 , 18° (47) 

KiCO,, 18° (47) 

Conductivities of the Na derivatives of acetophenone, acet- 
oxime, benzoin, benzqphenone, chloral hydrate, phenol and 
succinimide in ethyl alcohol and water at 18° are given in (55). 

KOH 

CiHaO (Ethyl alcohol), 18° (58) 

C„H 12 0« (Dextrose), 25° ( 92 ) 

CaHiaO# (Levulose), 25° ( 92 ) 

CuHiiOjK (K palmitate), 20, 90° (54) 

KCI 

CHaNjO (Urea), 20° (««); 25° (»7) 

CH 4 NtS (Thiourea), 25° (57, 99) 

CH 4 O (Methyl alcohol), 0, 25° ( 4 , 3) 

C,H«0 (Acetaldehyde), 0, 25° (4) 

G 1 II 4 O (Ethyl alcohol), 0 , 25° (4, 5 ); ( 57 ) 

C:H«0, (Glycol), 0, 25° (4) 


CaHiO (Acetone), 15-45° (41) 

RbNO, 

CaHaO (Acetone), 15-45° (41) 
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TRANSFERENCE NUMBERS OF ELECTROLYTES IN AQUEOUS SOLUTION 

K. G. Falk 


In the following tables the 
values given are in all cases the 
transference numbers of the 
cation multiplied by 10*, and 
except as otherwise noted are 
with respect to water as the 
reference substance. Concen- 
trations, C, are in equivalents 
per liter except those marked 
“Wt. N n which are in equiv- 
alents per kg H a O. For theo- 
retical discussion of the numbers 
and methods of weighting re- 
sults obtained by the gravimetric 
method, ae« Noyes and Falk, J, 
33:1436; 11. 


Les valeure donn6es dans les 
tables suivantes sont dans tous 
les cas, les nombres de trans- 
port des cations multiplies par 
10* et, k moms d’une autre 
indication, se rapportent k 
l'eau comme substance de refe- 
rence. Les concentrations, C, 
sont exprimees en equivalents 
par litre, & l'exception de celles 
marquees “Wt. N” qui sont 
exprimees en equivalents par 
kg HaO. Pour la discussion 
th6orique des nombres et des 
methodes d ’appreciation des 
resultats par la methode gravi- 
metrique, voir Noyes and Falk, 
2, 33 : 1436; 11. 


In den folgenden Tabellen 
stellen alle angegebenen Werte 
die Uberfiihrungszahlen des 
Rations multipliziert mit 10 3 
dar. Sie gelten, stets, wenn 
nicht etwas anderes bemerkt, 
in Bezug auf W T asser. Die 
Konzentrationen, C, sind in Aqui- 
valenten pro Liter angegeben, 
mit Ausnahme der Stellen, wo 
die Bezeichnung “Wt. N” 
steht, welche Aquivalente pro 
kg Wasser bedeutet. Die theo- 
retischen Besprechungen der 
Zahlen und der Methoden zur 
Abschfitzung der Ergebnisse 
nach der gravimet rise hen 
Methode, findet man in der 
Abhandlung von Noyes and 
Falk, 1 , 33: 1436; 11. 


I valori riportati nelle tabelle 
seguenti rappresentano sempre 
il numero di trasporto del 
catione moltiplicato per 10*, e, 
salvo indicazioni contrarie, si 
riferiscono all’acqua. Le con- 
centrazioni, C, sono in equi- 
valenti per litre, eccettuati i 
casi contrassegnati con “Wt. 
A” nei quail le concentrazioni 
sono espresse in equivalenti per 
kg di acqua. Per la discus- 
sione teorica dei numeri e circa 
l’apprezzamento dei risultati 
ottenuti col metodo gravime- 
trico, vedi Noyes and Falk, 7, 
33: 1436; 11. 


Electrolyte 


HF. 

HC1 


HI 


HNOi. . 
NH«C1. 
T1C1 . . . 
AgClOi 
AgC10 4 
AgNO,. 


AgNO,... 
AgC,H,0, 
LiCl 


t, °C | 10»n* 1 C X 10* 

Uni-univalent electrolytes 
v. Table 2 ( 7 ) 

V. Table 2 (5, 14, 22 , 24, 43, 44, 45, 47, 48, 
56) 


Table 1. — Gravimetric Method 

UL 


25 I 825 
828 
825 

v. Table 2 (2, 24, 44) 
v. Table 2 (2, 24) 


60- 80 
80- 150 
150- 260 


(55) 


22 

484 

8- 15 

25 

499 

15- 25 

25 

486 

15- 25 

25 

481 

2- 8 


461 

8- 15 

v. Table 2 ( 2 , 24, 

25, 26, 29, 30, 

0, 24, 28, 46, 96°C, v. (*, 30, 41) 

18 

v. Table 2 I 

25 

324 

40- 60 


276 

1.25 Wt. N 

97 

390 

40- 60 


( 2 ) 

(30) 

(30) 

( 1S ) 


(24, 47) 

(*) 

(59) 

< 2 ) 


Electrolyte 

I t, °C 

10*71* 

C X 10* 

Lit 

NaOH 

1 25 

201 

I 25- 40 

(*) 

NaCl 

v. Table 2 32) 

24, 59, 60) 


NaBr 

V. Table 2 (2, 24) 


NaNO, 

19 

371 

1 40- 60 

( 2 ) 

KC1 

v. Table 2 ( 2 , 24, 

47, 53, 56, 59) 


KBr 

v. Table 2 (24) , 



KI 

25 

495 

40- 60 

( 2 ) 

KMn0 4 

23 

441 

40- 60 

( 2 ) 

RbCl 

22 

485 

40- 60 

( 2 ) 

CsCl 

20 

492 

40- 60 

( 2 ) 

• 

25 

485 

1.1 Wt. N 

(60) 


h 2 so 4 .. 


ti,so 4 ... 

AgiSjO#. . 
AgjSiF 4 . . 
Na,S0 4 . . 
KtS0 4 . . . 
Pb(NO»)i 


Uni- 


bivalent electrolytes 
v . also Table 2 (*.*«, 87, 61) 



96 | 


696 

| 40- 

60 

V. 

Table 

2 

( 2 . 15 ) 




0-30 


396 

15- 

25 


22 


525 

25- 

40 

V. 

Table 

2 

( 2 «) 



V. 

Table 

2 

(24, 42 

) 


V. 

Table 

2 

(15) 




( 2 ) 

(30) 

(30) 
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Table 1. — ( Continued ) 


Electrolyte 

t, °c 

10 3 n* 

| C X 

10« 

Lit. 

CdCL 

V. 

also Table 2 

4 ) 


1 



8 

433 

250- 

400 

( 2 ) 



25 

431 

40- 

60 

( 2 ) 



96 

525 

40- 

60 

( 2 ) 

CdBr, 

V. 

Table 

2 (2i) 




Cdl, 

V. 

Table 

2 ( 24 ) 




CuCl, 


23 

405 

‘ 40- 

60 

( 2 ) 

CuBr, 


25 

445 

150- 

250 

( 8 ) 

MnCL 


18 

387 

40- 

60 

( 2 ) 

C0CI3 


18 

404 

40- 

60 

( 2 ) 

CoBr 2 


25 

409 

150- 

250 

( 8 ) 

MgCL 


21 

385 

40- 

60 

( 2 ) 

Ca(OH)i 


25 

214 

25- 

40 

( 2 ) 

CaCL 

1 V. 

also Table 2 ( 2 

, 53 ) 





49 

445 

8- 

15 

( 2 ) 



96 

470 

8- 

15 

( 2 ) 




426 

80- 

150 

( 2 ) 




451 

150- 

250 

( 2 ) 

Ca(NOi)* 


18 

450 

2- 

8 ] 

( 53 ) 

SrClj 


20 

433 

250- 

400 

(2) 

BaClj 

I 1 ’ 

Table 

2 ( 2 * 22 » 

24 , 42 ) 




Ba(NOj)t y. Table 2 ( 42 ) 

Cu (C7H6CM2, Salicylate 25 62G 

AgC.JLSO, 25-30 612 

AgC 9 H,,SOi, Pseudo- 

cumenesulfonate 0 727 

24 707 

29 705 

AgCiHtSOi 25 616 

613 

653 


AgCrHjSOi 25 653 

Cobaltammine complex 

salts 15-20 

(Na a O),(SiOi),, 

Bi-bivalent electrolytes 

CdS0 4 Vm Table 2 ( 24 ) | 

CuS0 4 v • a ^ so Table 2 ( 24 ) 


10 - 

8 - 

15- 

15- 

15- 

2 - 

15- 

15- 


30 

25 

25 

25 

25 

8 

25 

25 


8- 40 


MgS0 4 

CaS0 4 . 


( 20 ) 

( 30 ) 

( 30 ) 

( 30 ) 

( 30 ) 

( 30 ) 

( 30 ) 

( 30 ) 

( 31 ) 
( 21 ) 


0 

385 

8- 

15 

( 2 ) 


389 

80- 

150 


11 

316 

600- 

800 

( 22 ) 


304 

800-1000 

( 2 ) 

50 

393 

80- 

150 


Table 

2 ( 2 , 22 , 

24 ) 



18 

I 441 

1 2- 

8 

( 53 ) 


Electrolyte 


Table 2. — Gravimetric Method, Best Values 

For literature, v. Table 1 


— C X 10* 

■olyte /, °C yTlo I 20 50 100 1200 300 500 1000 


HF 25 

HC1 0 

10 

18 

30 

50 

76 

96 

HNO, 20 

NH 4 C1 0 

18 

30 

AgNO, 0 

18 

25 

30 


860' 845 82 1 1 787 763 732 694 


847' 846 844 839 834 I 
840 840 841 I 

832 833 833 834 835 837 838 840 844 


822! 822' 822. 
SOU I 


781 


748' 

839 840 j 84 li 844 
I 489 1 489 ! 

, 492 1 492 492 
I 495 495! 1 ] 

461; | ; 

i 471 471 471 471 
477 477 477 

481 481 481 481 481 481 481 481 


Electrolyte if, C 


LiCl 18 

NaCl j 0 

18 

3b 

06 

NaBr 18 

KC! 0 

10 

18 

30 

KBr 18 

H a S0 4 8 

20 

32 

Pb(NO,)* 25 

TLSO« 25 

CdCl, 18 

CdBr* IS 

Cell, 18 

CaClj 20 


Table 2. — ( Continued ) 


C X 10* 

o ! 10 [ 20 i 50 | 100 | 200 | 300 | 500 [1000 

332] 328’ 320 313 3041 299 
387 387 3871 386 385 

397 397 396 393 390 385 380 374 365 

404 404 404 404 403 

• 442 442 442 ' 

395, 395| 395 

493 493 493 493 492 491 

495 495 495! 495 

496 496 1 496 496, 495| 494 4931 492 490 


Cdl, 18 

CaClt 20 

25 

BaCl* 0 

• 16 
25 
30 
50 

Ba NO,),.. .. 25 

NaiSO« 18 

K,S0 4 18 

25 

CdS0 4 18 

CuS0 4 18 

MgS0 4 18 

30 


498 498 498! 498 497 496 

495 495 

835 835 835 

822 822 822 820 818 816 812 
808 808 808 
487 487 
478 476 
430 430 430 430 430 

430 430 430, 430 429 410] 389! 350 222 

445 444! 442 396 290 127 1 46, 3 

440 432 424 413 404 395 389 

l 418 409 
439 437 432! 


420 408' 401 391 
438 427 415 

445 444 443 

475 

456 456 456 

392 390 383 

494 492 490 

j 496 494 493 

389 384 374 364 350 340 323 .294 

375 375 373 361 348 327 
388 385 381 373 

1 388 386 380 


Table 3. — Moving Boundary Method ( 9 » ,0 » ,2 ’ 33 » 34 » 34 ‘ 5 ’ 

35 , 36 , 37 . 39 , 50 , 51 , 52 ) 



100 


200 


Electrolyte^; Value 

HC1 | 435 

HNO,* ! 846 

NH 4 NO, ... j 

NH 4 C1 492 

NHJBr 483 

NH«1 489 

AgNO, ! 

NaOH I 

NaCl 

NaBr 

Nal 

NaNO, 

KOH 

KC1 493 

KCIO, 534 

KC10 4 1 

KBr 482 

KBrO, 567 

KI 487 


Values of 10 3 n*, 

835 
846 


18°C 

835 

855 

489 

481 

484 

158 

383 

376 

376 

257 

492 

536 / 

523' 

481 

570 

486 


Values of 1 0 3 m, 25°C 

1 832 | 

844 849 

513 
490 


828 

840 


466 
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Table 3. — ( Continued ) 


C XlO* 


20 


50 


100 


50 


100 


200 


Electrolyte""" Values of 10*n*, 18°C 


KNO, 


RbCl. 
RbBr 
Rbl. . 
CsCl. 


Csl. . . < 
H,S()4. 

MgClj. 

MgBr a 

Melt. . 



502 

497 
495 

498 
504 
497 
497 
833 

385 

388 

413 

409 
416 
412 

410 
416 
435 
• J2 
426 
488 


368 

368 


502 

494 

492 
497 
500 

493 
497 
828 
352 
350 
350 
398 
396 
400 
400 
592 

393 

419 

408 

415 

485 


Values of 10*n*, 25°C 

1 501 1 

1 512 


Relative Hydration Values of the Ions 

Average number of water molecules carried by the indicated 
ion combined as chloride as it moves through the solution. 

HC1: N*+ = 0.28 ± 0.04 + 0.185VS 1 ". 

CsCl: N £•+ = 0.67 ± 0.01 + 1.03A^“ 

KC1: V** = 1,3 ± 0.2 + \.02N?~. 

NaCl: = 2.0 ± 0.2 + 1.61V?". 

LiCl: V? + = 4.7 ± 0.4 + 2.29 V?" 



Table 6. — Mixtures of Electrolytes 


Electrolvtes 


• 25®, 10»C ■* 10 or 20, 10*n* - 838. 

Table 4. — Electromotive Force Method 


Elec- 

trolyte 

t, °C 

HC1 

18 


25 

LiCl 

25 

NaOH. . . . 

25 

KOH 

25 

KC1 

25 

KBr 

25 


30 


35 

H»80 4 — 

25 

CuClj. . . . 

25 

SrCl, 

25 

BaClj. . . . 

25 

Table 6. 

— Te 


5 | 10 


832 832 

341 334 
203 

496 496 
496 496 
496 496 
496 496 

420 

424 

439 


20 | 30 


832 832 
830 
327 323 
197 194 
263 
496 496 
496 496 
496 496 
496 496 

416 411 

417 412 
431 425 


C X 10* 


50 |100|200|300|500|1000 


832 1 832 1 832 1 


318311 
189 183 
263 263 
496 496 
496 496 
496 496 
496 496 
813 

404 387 

405 393 
418 406 


304 299 293 286 
177 174 169 163 
263 263 263 263 
496 496 496 496 
495 491 488 485 
495 492 489 486 
495 493 491 489 

355 322 289 259 
376 360 343 306 
390 383 377 372 


Lit. 


( 16 , 38 ) 
( 19 ) 

( 34 ) 

( 18 ) 

( 27 , 28 ) 

( 1 , 6 , 38 ) 

( 46 ) 

( 46 ) 

( 46 ) 

( ,7 ) 

( 32 ) 

( 32 ) 

( 32 ) 


KC1 

KjS< 

FeC 

HC1 

FeC 

HC1 

FeC 

HC1 

FeC 

HC1 

FeC 

HC1 

FeC 

HC1 

FeC 

HC1 

FeC 

HC1 



Total salt con- 
centration 0.2 V; 
concentration 
ratios, 

KC1: NaCl 


4:1 

3:1 

2:1 

1:1 


Electrolytes, KC1, NaCl 


Total salt con- 
centration 0.2V; 
Lit. concentration 

ratios, 


Tr. No. 
X 10* 


Tr. No. 
X 10* 


K+ 369 («) 
Na+ 63 
K + 372 
Na + 84 
K+ 337 
Na+ 109 
K + 260 
Na + 163 


KC1 : NaCl 


1:2 

1:3 

1:4 



K + 159 
Na + 246 
K + 129 
Na + 239 
K + K )8 
Na + 288 



Hydration Values 

For critical review of the literature and some additional data, see 

( 46 . 5 ) 


Electrolyte 


HC1. 

HQ. 

HC1. 

KC1. 

KC1. 

KC1. 

KC1. 

KC1. 

KC1. 

uci. 

NaCl 

NaCl 

CsCl 


C, 

Wt. V 


1.0-3. 1 Room 


Reference 

substance 


Mannitol 

Resorcinol 


1.0 

2.5 

0.5 

1.0 

1.4 
1.9 

2.5 
1.24 
1.28 
1.21 
1.12 
1.1 


18 

18 

18 

18 

18 

18 

18 

25 

25 

25 

25 

25 


Allyl alcohol 


( 56 ) 


Raffinose 


10 J n* Lit. 


844 (5) 

844] 

825 
502 
502 
498 
496 
492 
495 

304 I 
383 I 
377 1 
491 f 


( 59 ) 


( 60 ) 
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The Weston Normal Cell and tae Weston Unsaturated Cell 

Definitions . — The term “Weston Normal Cell” is used here to 
lesignate the cell which contains solid crystals of CdS0 4 .%H*0 
ind which is used to maintain the standard of electromotive force, 
rhe term “Weston Unsaturated Cell” is here used to designate 
;he cell which is made up with a solution of CdSO« which is satu- 


rated at 4°C and contains no excess of solid crystals of the sulfate. 
This cell is more generally used in practice since it has a lower 
temperature coefficient than the normal cell. 

The Weston Normal Cell 
HgCdis.* % | CdS0 4 .%H,Osatd. | Hg,S0 4 paste | Hg 

Emf at 20°C. — (a) Value in semi-absolute volts at 20.00°C, 
that is, the potential which exists between the terminals of a 
resistance of one international ohm when carrying a current of one 
absolute ampere: 1.01825; average deviation of mean = 0.00002. 

This value is the arithmetical mean of the results from the 
following references: (*, 23, 25, 34, so, 57, 62). 

(6) Value in international volts, when the current through the 
international ohm is determined by a silver coulometer, the electro- 
chemical equivalent of silver being taken as 1.11800 milligram per 
coulomb as defined by the International Congress of 1908. 

Value recommended by a special technical committee to the 
International Committee on Electrical Units and Standards: 
1.0183 international volt at 20°C ( 6 ). o 

Best average value: 1.018274 international volt at 20°C; 
average deviation of mean = 0.000003. 

This average value is the weighted mean from the following 
references, with assigned weights equal to the square root of the 
number of observations, since the authors do not compute the 
precision measure in all cases ( ,fl t 67 )i (**)• 
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The Temperature Coefficient. — E, = E iQ — 0.0000406(f - 20) - 
0.00000095(t - 20)* + 0.00000001 (l - 20) ». Adopted by the 
International Conference on Electrical Units and Standards at 
London, 1908 (76). 

Construction. — Normal cells are nearly always constructed in the 
H-form proposed by Lord Rayleigh (* 7 » 29 i 55 » 75 ). Recently 
circular forms have been constructed and studied ( 30 » 56 ). 

Heat of the Reaction in the Weston Cell. — Cd + HgjSO« + 

- -K y CdS0,.mH,0 ^ 2Hg + — ”* ■ CdS0 4 .^H,0, where m 
m - m - ° 3 

is the number of moles of water per mole of cadmium sulfate in the 
saturated solution. 

The heat of this reaction is 47 561 g-cal 15 according to thermo- 
chemical measurements, and 47 437 from the electromotive force 
and its temperature coefficient. These values refer to 12.5% 
Cd in the amalgam ( 8 > 10 ). 

Effect of Pressure on the Emf of the Weston Cell . — v. 0 3 , 1 5) # 
Influence of Ultra-violet Light on the Emf of the Weston Cell. — v. 
( 52 ). 

Effect of Size of Grain of Mercurous Sulfate. — Weston cells made 


with finely divided mercurous sulfate (grain size of the order of 

magnitude of 5^ in diameter) have an electromotive force of 40 to 

100 microvolt higher than those made with coarse mercurous 

sulfate (grain size 30 to 360/i). Hysteresis is greatest with coarse, 

white mercurous sulfate and is less for acid than for neutral cells 
(72); C f. (66, 75). 

The Effect of Acidity on the Weston Cell. — For the purpose of 
making the Weston cell stable for a long time it is sometimes made 
up with 0.1 N sulfuric acid ( 65 ). The emf is then 1.01825 inter- 
national volt at 20°. 

When the Weston cell is made up with arid the decrease in 
voltage = 0.000 855 X normality of acid ( 42 ). 

Temperature Coefficients of Cells with Differing Amounts 

of Acid 


E = Ei o + a(t - 20) -f d(t - 20) 2 ( 42 ) 


Acidity 

0.078JV 

0.402 AT 

0.56eA r 

0.75ejV 

— 10 c a 

42.5 

43 6 ; 

43.7 

45.5 

-10«tf 

2.3 

2.5 

2.6 

2.7 



Cell 


equivalents 
HjSO* per liter 


Date of 
construction 


Julv 23, 


1019 


July 29 I Aug. 1 


Oct. 8 Xov. 4 


Mar. 9, 
1920 


Mar. 25 Oct. 8 


218 

220 

221 

222 

223 

226 



1919 

1. OH- 

1.01 + 

1.01 + 

1.01 + 

1.01 + 

1.01 + 

1.01 + 

0.07s 

July 21 

IO. 00840 

0.00836 

0 . 00S30 

0 . 00823 

0.00822 

0 . 00822 

0.00822 

0.402 

July 21 

.00860 

.00825 

.00810 

.00794 

! .00795 

. 00794 

i .00794 

0 . 56r 

Julv 21 

• r 

.00807 

[ .00802 

.00783 

.00781 

.00780 

.00781 

1 .00780 

0.75c 1 

Julv 21 

% 

.00777 

.00782 

.00772 

.00763 

1 .00763 

.00761 

.00762 

0 75r> 

Julv 21 

.00732 

.00738 

.00733 

.00761 

.00763 

.00761 

.00763 

0.402 

Julv 25 

• 


.00818 

. 00809 

.00797 

.00798 

.00794 

.00795 


1. OH- 
IO. 00822 
opened 
. 00780 
.00763 
.00761 
. 00794 


Effect of Composition of the Amalgam on the Emf of Weston 
Normal Cells. — v. 0 2 , 60, ci). 


Relation between the Emf and the Concentration of the 

Amalgam in the Weston Cell ( 64 ) 

The emf = 1.01823 international volt -f- the correction given 

in the table. The corrections are expressed in hundred-thou- 
sandths of a volt. 


t, °C 


0 

5 

10 

io 

20 

25 

30 

35 

40 

45 


i Percentage of 

cadmium in the amalgam 


1 1 1 

2 1 

3 ! 

, 4 

5 1 

6 

7 1 

8 “ 

j — 1 197 

- 365 + 

35 

34 

35 

35 

36 

36 


~ 580, - 

32 

35 

36 

36 

37 1 

37 

1 

- 798 - 

246 

29 

29 

30 

30 

30 

\ 

-1024 - 

464 

- 79 

17 

17 

18 

18 


-1250 - 

684 

| 

- 291 

1 

- 1 

0 

0 


-1483 - 

910 

- 507 

- 186 

- 24; 

- 24 

- 23 


-1717 - 

1132 

- 729, 

- 407 

-140 

- 50 

- 49 


— 1959 — 

1365 

- 954 

- 628 

-362 

- 94 

- 80 


-2202 - 

1594 

-1184 

- 853 

-583 

-315 

-114 


-2446 - 

1837 

,-1415 

-1081 

-804 

-539 

-296 


t , °C 


Percentage of cadmium in the amalgam 


0 

5 

10 

15 

20 

25 

30 


9 1 


10.5 

11 

11.5 

1 12 

12.5 

13 

13.5 

36; 

36 

37| 

37 

39 

40 

41 

47 

50 

fi 

37 

! 38; 

38 

40 

41 

42 

48 

51 

30 

30 

31 

31 

33 

34 

34 

35 

38 

18, 

18 

19 

19 

21 

22 

22 

25 

27 

0 

* 0 

1 

1 

i 3 

4 

4 

4 

7 

• 23 

- 23 

- 22 

- 22 

- 19 

- 18 

- 17 

- 17 

- 16 

• 49 

- 49 

- 48 

- 48 

_ 44 

- 44 

- 43 

- 43; 

- 42 


t, °C 


Percentage of cadmium in the amalgam 


9 I 10 | 10.5 | 11 11.5 12 I 12.5 13 I 13 5 


35 

40 

45 

- 79 - 79 

-114-112 

-1481-146 

- 78 

-111 

-145 

- 78, 
-112 
-145 

- 77 
-112 
-146 

- 761- 76 
-112 -112 
-145 -145 

- 76 
-111 
-144 

!- 75 
-111 
-144 

In the amalgams containing 14 to 20% of cadmium the initial 


l °c 

1 

Percentage of cadm 

lium in 

the amalgam 

— 


1 14 

| 14.5 

15 

16 

17 

18 

19 

20 

0 

+238 

330 

696 

486 

1098 

1290 

1560 

1610 

0 

249 

457 

673 

560 

1101 

1295 

1564 

1613 

5 


329 

537 

428 

969 

1162 

1419 

1476 

5 

123 

339 

533 

431 

969 

1163 


1476 

10 

59 

205 

390 

288 

830 

1022 

gfrlnl 

1332 

10 

61 

215 

387 

292 

830 

1023 


1333 

15 

47 

89 

239 

149 

683 


1124 

1187 

15 

63 

115 

214 

244 

643 



1188 

20 

13 ; 

19 

55 

72 

488 

717 

922 

1036 

20 

13 

19 

55 

70 

488 

716 

922 

1035 

25 

- 15 

- 13 

0 

0 

327 

557 


876 

25 

- 15 

- 13 

0 

0 

327 

555 


877 

30 

- 42 

- 41 

- 31 

- 40 

162 

376 

594 

712 

30 

- 42 

- 41 

- 32 

- 40 

159 

372 

592 


35 

- 74 

- 73 

- 71 

- 72 

- 6 


423 

539 

35 

- 74 

— 73 

- 71 

- 72 

- 7 

197 

223* 

539 

40 

-111 

-110 

-108 


-108 


244 

3ft 1 

40 

-111 

-110 

-109 


-108 

24 

241 


45 

-145 

-144 

-144 

-144 

-144 




45 

-145 

-144 

-143 

-144 ! 

-144 

-130 | 

+ 48 

169 


i 


! 

I 


* 
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Electromotive Force or the Cell: 

Cd amalg. (10%) |CdS0 4 .%H,0| Cd amalg. (dilute) (««, «*) 


Percentage composi- 
tion of the dilute 
amalgam 

Emf at 29°C, volt 

Temp, coeff., volt 
per °C 

amalgam 

a 

per u 

2.83 

3.47 

0 . 00770 
0.00511 

+0.00042 

+0.00042 

0.25 

0 . 03420 

+0.00051 

Effect of Age on the Emf of the Weston Normal Cell (•*). — Aver- 

0.50 

0.02977s 

+0.00049 

age change in 10 years: 

-0.000063 volt. 


1.11 

0.01945 

+0 00045(7) 

The We 8 ton Unsaturated Cells 

1.25 

0.01612 

+0.00046 

The unsaturated Weston cell is made with a solution saturated 

1.7c 

0.01367 

+0.00043 

at 4°C. It has an average voltage of 1.0187 international volt 

2.19 

0.01083 

+0.00043 

and a temperature coefficient of less than 0.00001 volt per °C ( 7J ). 




Percentage comj 
tion of the dilute 


Emf at 29°C, volt 


Temp, coeff., volt 


Each cell is accompanied by a certificate stating its voltage. 


Unsaturated Acid Weston Cells 

The measurements were made against three well-aged, very constant normal cells made at the National Physical Laboratory, 
Teddington, England. Their values were assumed to be such that the normal cells made for this investigation would have a value of 
1.018054 volt at 25°C. The saturated solutions of cadmium sulfate were made with a 0.015 molal solution of sulfuric acid. The 
un saturated solutions were made by adding the number of ml of this solution shown in the table to one liter of the saturated solution. 

Composition of cadmium sulfate solutions, electromotive force, And temperature coefficients ( 71 ) 


Solution 

number 

- 

Cells 

Dilute 

acid 

added, ml 

CdSO„ per dent 

Emf at 25°C, volt 

AE/AT in mmv per deg 

15-25® 

25-35° 

35-40° 

40-45° 


16-20 

None 

43.22 ± 0.01 

1.018270 ± 0.0*8 

2.8 

2.7 

j 5.0 

8.1 

2 

41-45 

2.5 

43.12 ± 0.03 

1.018374 ± 0.0*7 

2.1 

2.0 

4.7 

7.1 

3 

32-25 

5 

43.06 ± 0.00 

1.018548 ±0.0,5 

1.0 

1:1 1 

3.4 

5.9 

4 

26-30 

9 

43.94 ± 0.01 

1.018711 ± 0.0<13 

0.1 

0.0 

' 2.5 

5.4 

5 

31-35 

11 

43.90 ± 0.01 * 

1.018788 ±0.0,7 

- 0.1 

- 0.3 

2.1 

4.5 

6 

36-40 

15 

42.77 ± 0.04 

1.018983 ± 0.0*6 

- 1.3 

- 1.4 

0.7 

3.5 

7 

46-60 

22.5 

42.63 ± 0 00 

1.019343 ± 0.0*7 

- 3.5 

- 3.6 

- 0,9 

0.9 

8 

61-55 

30 

42.39 ± 0.01 

1.019688 ± 0.0,14 

- 5.5 

- 5.5 

- 3.2 

-0.6 

9 

56-60 

50 

41.84 ± 0.02 

1.02095 ±0.0,3 

-13 

-13 1 

-10 

-8 


Neutral cells did not give consistent results for temperature coefficients. 


Cadmium Cells with Halide Electrolytes 

Cells made in H-form. Measurements refer to an unsaturated 
Weston cell certified by the Reichsanstalt to have 1.0190 volt at 
room temperature ( 46 ). 

1. Cells of the type: HgCd 11 . | CdXisatd. | HgiXi paste | Hg 


a 

Br 

I 


Electromotive force in volt 


Et - 0.67180 - 0.000074(t - 18) - 0.0000015(t - 18)* 

Ei = 0.55916 - 0.000 366(t - 18) - 0.0000046(1 - 18)* 

Et = 0.41470 - 0.000362(f - 18) - 0.0000003(f - 18)* 


2. Cells of the type: HgCdu.i % | CdXi soln. | HgiXi paste | Hg 

The emf of these cells can be represented by the formula 

.Eii = a log N + b, 

where N is the number of moles of CdXi per liter and a and b are 
constants : 


X 

a i 

1 b 

ci 

-0.04306 

0.7017 

Br 

-0.03953 

0.58364 

I 

-0.03162 

0.43338 

480, 

-0.02501 

1 05125 


The Clark Cell 


HgZn 


>•% 


ZnSO«.XHiO satd. 

X — 7 below 39°; 

— 6 above 39° 

Emf at 15*C - 1.4328 int. volt (i. *» *•» 7§ ). 

The Chicago International Electrical Congress of 1893 adopted 


Hg>SO« paste 


Hg 


the value 1.434 international talt as the electromotive force of 

the Clark Cell at 15®C. 

The Temperature Coefficient of the Clark Cell . — E, = E x% — 
0.001 19(f - 15) - 0.000007(* - 15)* («• «). 

Heat of the Reaction in the Clark Cell . — See (®» 51 ). 

The Influence of Pressure on the Emf of the Clark Cell 

( 11 , 13 , 14 , 15 , 18 ) 


. ©/I 

Emf at 

t, “C 

1 atm. 

500 atm. 

1000 atm. 

1500 atm. 




First series 


25.0 

1 . 41974 

1 . 42608 

1 . 43223 

1 . 43820 


30.0 

1.41368 

1.42019 

1 . 42604 

1.43168 


35.0 

1.40625 

1.41290 

1.41892 

1 . 42452 


38.0 

1.40147 

1.40812 

1.41427 

1.41987 

ZnS0..7H,0 

39.5 


1.40566 

1.41183 

1.41748 

• 

42.0 



1 . 40772 

1.41346 


42.5 




1.41255 


45.0 

1.39400 

1.39938 

1.40479 

1.40983] 


50.0 

1.38826 

1 . 39387 

1.39920 

1.40436 j 

ZnSO,.6H,0 

55.0 

1.38213 

1.38800 

1.39338 

a 

1 . 39854 j 





Second series 


35.0 

1.40625 

1.41271 

1.41880 

1 . 42452 1 

ZnSO«.7HiO 

42.6 




1.41255/ 


45.0 


1.39946 

1.40479 

1.40982 ) 


50.0 

1.38820 

1 . 39383 

1.39910 

1.40420 l 

1 

ZnSO,.6H.O 

55.0 

1.38210 

1.38780 1 

1.39314 

1 . 39839 J 

— 
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Temperature Coeppicient op the Emp 


For cells containing ZnS0 4 .7H,0 

P»taa. 

1 E x - 1.43701 - 0.0,221* - 0.0,188** 

500 E> oo - 1.44105 - 0.0 4 840< - 0.0 4 206f* 

1000 Ex ooo - 1.44993 - 0.0,263* - 0.0 4 178<* 

1500 J0i»oo - 1.46025 - 0.0,528* - 0.0,140** 

For cells containing ZnS0 4 .6H,0 

1 Ex « 1.42811 - 0.0,407* - 0.0 6 78** 

500 E lQ o = 1.43277 - 0.0,418* - 0.0,72**' 

1000 E iooo = 1.44475 - 0.0,681* - 0.0,46** 

1500 E xt oa = 1.44331 - 0.0,429* - 0.0,70** 

The Helmholtz Cell 


Zn | ZnCl, soln., sp. gr. 1.391 | Hg,Cl, | Hg 
The reaction is: Zn + Hg,Cl, = ZnCl, in soln. -f 2 Hg; E t = 
1 + 0.000094(* - 15) Volt (7, 2 7, 49). 

The Mercury Oxide Cell 
Zn | 10% soln. of ZnSOi | HgO | Hg 
The reaction is probably: Zn + HgO = ZnO + Hg, which may 
be followed by secondary reactions; E t = 1.390 — 0.0002(* — 12) 
( 7 . 22 ). 

The Lead Chloride Cell 

HgZn | ZnCl, soln., sp. gr. 1.157 | PbCl, | Pb 
The reaction is: Zn + PbCl, = ZnCl, in solution + Pb; E = 
0.5 volt, temperature coefficient negligible ( 2 ). 

The Cu-Hg Cell 

HgCu ,.5,« «% | CuS 0 4 .5H 2 0 satd. | Hg,S0 4 | Hg (41) 

E t = 0.34979 - 0.000635(* - 20) - 0.0000024(t - 20)* volt 
Total energy of the reaction from emf, 103.5 kj; from thermo- 
chemical data, 103.0 kj. 

The same cell containing 10 to 12% copper in the amalgam, 
E t = 0.3500 - 0.00064(< - 20) - 0.0000025« - 20)*. 

Total energy change of the reaction from thermochemical data, 
104.0; from emf, 104.1s kj (47). 


Cells of the type: 
HgPb x %| PbS0 4 solid 


The Pb-Hg Ceil 



Na,8O 4 .10H,O* 

K,S0 4 

LitS0 4 .H,0.... 
MgS0 4 .7H a 0. . . 
NiS0 4 .7H,0. . . 
CuS0 4 .5H,0... 
CdS0 4 .SH,0... 

ZnS0 4 .7H,0. . . 
MnS0 4 .5H,0 


3.08 to 3.23 
3.02 
2.98 
2.84 
3.50 
3.16 
3.58 
3.56 
3.39 


0.96466 

1 0300 to 1.0260 
0.9615 to 0.9620 
0.9600 to 0.9610 
0.96466 
0.3489 

0.9520 to 0.9540 
0.96480 
0 . 96478 


variatioi 
of single 
cell, vol 

0.00002 

0.01 

0.001 

0.001 

0.00001 

0.0003 

0.0012 

0.00001 

0.00001 


2 ,* F °L 0t ^ er temperature*: Et - E u + 0.000174(1 - 25) + 0.00000038« 

motive for 6 °^ al r e " er 4 gy of ** reaction *» calculated to be 176.6 kj from electi 
moUvc force; 175.0a from thermocbemical data. 

Low-Voltage Normal Celia (43) 



(a) HgCd, 0% 

(*>) HgCdi 0 cr 

(c) HgCdi 0 % 

(d) HgCd I0% 

(«)Cd 

CO Cd 

( 9 ) Cd 

W Cd 

(f)__HgCd, 0 % 


CdBr,.4HjO 

CdCl,.2*H,0 

Cdl, 

CdS0 4 .j[H|0 

CdS0 4 

Cdl, 

CdCl, 

CdBr, 

CdS0 4 .jH,0 


PbBr, 

HgPbio % 

0.14506 

PbCl, 

HgPbio% 

0.14186 

Pbl, 

HgPbio% 

0.09835 

PbS0 4 

HgPb 10 % 

0.08861 


HgCdio% 

0.05160 


HgCdio% 

0.05156 


HgCdio% 

0.05135 


HgCdio% 

0.05012 


HgCdo.»% 

0.02980 


Temperature coefficient: Et 
volt. 


E t , + a(t - 20) + /*« - 20),* 


Combination 

a 

r t 

(o) 

-0.00037o 

-0.00000s 

(1 b ) | 

-0.00020o 

-0.000003 

(c) 

+0.000245 

- 0 . 00000 1 

(d) 

+ 0.00054s 

-0.000004 

(e) 

-0.000242 

0 

(/) 

-0.000248 

0 

(a) 

-0.00024a 

0 

(h) 

-0.00022s 

0 

(i) 

+0.00050 



are constant for a long period. 


The LeClanch6 Dry Cell 

Cells 2.5 X 6 in. (63 X 152 mm) are designated as No. 6. 

cells are designated as follows ( 5 ) 


Smaller 


Designation* 

Diameter, 

inches 

Height, 

inches 

Diameter, 

mm 

Height, 

mm 

A 

! 

li 

16 

48 

B 

f 

2* : 

19 

54 

C 

H 

lH 

24 

46 

D 

li 

21 

32 

57 

E 

li 

2i 

32 

73- 

F 

li 

3 1 7 ! 

32 

87 


* Includes flat cells of equivalent capacity. 

The voltage requirements are those in the following table when 
measured with a voltmeter of not less than 100 ohm per volt, 
and having not less than 50 divisions of its scale per volt. 

Nominal dimensions of cell 


Designation 


Diameter, 

mm 


Height, 

mm 


Minimum 

voltage 


No. 6 

F.... 
E.... 
D ... 
C.... 
B.... 
A 


32 

32 

32 

24 

19 

16 


87 

73 

57 

46 

54 

48 


1.50 

1.50 

1.50 

1.50 

1.49 

1.48 

1.47 


For additional data, v. ( 5 ). 

The electromotive force of the manganese dioxide electrode 
of dry cells is determined by the hydrogen ion concentration, in 
the case of Caucasian, Brazilian, and domestic ores. For a ten- 
fold increase in hydrogen ion concentration the electrode potential 
increases from 0.06 to 0.08 volt. Chemically prepared dioxide is 
apparently free from this concentration effect ( 28 ). 


Assumed Reactions of the LeClanch6 Cell 

Negative pole: Zn + 2F + 2C1" = ZnCl,. 

Positive pole: 

2NHJ + 2MnO, = 2NH, + H,0 + Mn,0, + 2F 
2NH, + ZnCl, = Zn(NH,),Cl, 

Other oxides of manganese probably form. 

Net reaction: Zn + 2NH 4 C1 + 2MnO, = Zn(NH,),Cl, + 
Mn,0, + H,0. 

The reaction at the positive pole may also be considered to take 
place as follows ( 20 » 3 ®, ®«): 

MnO, + 2H,0 ^ Mn+ ++ + + 40H" 

Mn ++++ = Mn ++ + 2F 
Mn^ + 20H- = Mn(OH), 

Net reaction: MnO, + 2H,0 = Mn(OH), + 20H“ + 2F. 






Ill 
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1.59 


1.56 


1.57 


1.56 


S 155 

< 


1.54 


1.53 


1.52 


!.5l 


Effects of Temperature on Dry Cells (*) 


Temperature 


Temperature on the Short-Circuit Current 
blls' Stored for 10 Weeks on Open Circuit 

(Pritz (•*) 

Percentage ~ Percentag 

decrease in _ decrease ii 

short-circuit short^ircu 

^ nnrrnnf of ° f Storage, C A ^ _ 


of storage, °C 

current, at end 
of 10 weeks 


5 

25 

35 

45 


4.4 

10.0 

19.0 

25.0 


55 

65 

75 


Percentage 
decrease in 
short-circuit 
current at end 
of 10 weeks 

62.0 

71.0 

98.0 


- — ■ — - — 1 ■ ■ ii — 

Recent experiments show that the measurements of Prits for 
cells stored at 25°C are approximately correct for dry cells when 
new, but the rate of decrease of short-circuit current becomes less 
as the age of the cell increases; the total decreases during a year 
at room temperature being about 25%. 


50*C 

I22*F 


1.50 1 1 1 J L t 1 I I I | 

,°’ C ,0 * C 20-C. 30*0. 40* 50*C 

32*F 50* F 68*F 66*F I04°F I22*F 

TEMPERATURE 

Fio. 1. Effect of temperature on open-circuit voltage of dry cells. 

Mean of measurements on 16 cells. No. 6 size, paper-lined construction, includ- 
ing four different brands. The cells were kept at fixed temperatures 24 hours 
before being measured. 


Hours of Service of No. 6 Dry Cells Discharged to 0.5 Volt 
at Various Rates and Temperatures ( 48 » ••) 

Service at various resistances of external circuit in 
Temp.. °C ohms 


Temp., 

0~ 

25 

50 

75 


2 ohm, hr 


40 

80 

r ~ ■ 

270 

60 

94 

260 

70 

160 

360 

65 

158 

316 


*560 

700 

660 

616 


a 26 


is! 

i » 



IB • 1 1 L I I I J 1 * — ' 

-10* 0* 10* 20* 30* 40*. 

♦I4*F. 32'f. S(n 6S*F 86*F I04*F 

TEMPERATURE 

Fio. 2. — Effect of temperature on short-circuit current. 

Mean values for a group of six cells maintained at each of the temperatures 
indicated for least 24 hours prior to the measurements. The temperatures 
were taken in the following order; 22, 0, 22.5, 8, 0, 21.8, 35, 41, 8, 16.8, and 9°C. 


Hours of Service of Dry Cells, No. 6 Size, Discharged to 
0.6 Volt at Fixed Rates of. Current and at Various 

Temperatures 

Average of results of tests made on three standard makes of dry 

cells of paper-lined construction 

I Service at various rates of discharge in ampere 


Temp., 

(T 

25 

40 


0.1 0.25 

amp., hr amp., hr 

136 40 

220 64 

300 94 


0.50 
amp., hr 

14 

24 

31 


0.75 


1.00 


amp., hr amp., hr 


Initial Working Voltage of No. 6 


Ohm 
resistance 
of circuit 

4 , 

8 
16 
32 
64 
128 
256 
512 

oo 


Ohm 

resistance 
of circuit 

Corre- 

sponding 

ampere 

drain 

Initial 

working 

voltage 

0.00 

42.9* | 

0.00* 

.01 

32.0* 

.32* 

.02 

26.5* 

.53* 

.04 

18.5* 

.74* 

.08 

12.0* 

.96* 

i 

8.8 

1.10 

i 

5.1 

1.28 

i 

2.76 

1.38 

1 

1.45 

1.45 

2 

0.736 

1.47 


Dry Cell 

Corre- 

sponding 

ampere 

drain 

0.370 

.185 

.092 

.046 

.023 

.0117 

.0059 

.0030 

.0000 


(»») 

Initial 

working 

voltage 

nr 

1.48 

1.48 

1.48 

1.49 

1.50 
1.52 
1.52 
1.63 


by extrapolation. 
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Hours op Service por No, 


Cell discharged 


Continuously (1) 


30 minutes every hour (2) 


15 minutes every hour (3) 


5 minutes every hour (4) 


2 minutes every hour (5) 


| minute every hour (6) 


LeClanchS Dry Coll. — (Continued) 

6 Paper-lined Dry Cell at Room. Temperature, 

Figures in parentheses are interpolated 


through Constant Resistance ( 21 ) 


Cut-off 


Total life in hours for various ohms resistance of circuit, ohm 


5 minutes every 10 minutes (7) 


30 minutes every 6 houre (8) 


5 minutes every 0 houre (9) 


voltage 1 

» 

* 

i 

1 

2 

4 

8 

16 

32 

64 

128 

256 

1 512 

1024 

1792 

12 


0.02 

0.13 

0.70 

2.2 

9.1 

47 

115 

390 

1 050 

2 780 

4 220 

6 360 

7 850 

9 120 

1.0 

0.01 

.21 

.95 

3.7 

11.1 

32.5 

89 

233 

650 

1 560 

3 200 

4 800 

rw*j7j^ 



0.8 

.14 

.76 

2.3 

7.4 

ETC 

53.0 

119 


740 

1 750 

3 350 

5 100 




.6 

.50 

1.9 

5.1 

12.5 

36.3 

75.0 

184 

383 

805 


3 500 

5 220 




. -4 

1.4 

3.8 

g.5 

21.4 

49.8 

100.0 

227 

462 

890 

2 530 

3 650 

5 350 

7 700 

10 970 

12 100 

' 1.2 




1.0 

4.0 

15.0 

40 

210 

550 

1 370 






1.0 



(1.1) 

5.5 

13.0 

37.0 

120 

320 

810 

1 570 






« 0.8 

(0.2) 

(0.8) 

(3.0) 

9.0 

26.0 

61.0 

190 

375 

920 

1 630 






.6 

(0.7) 

(2.0) 

(5.6) 

15.5 

43.0 

87.0 

230 

420 


1 680 






.4 

V 

(1.5) 

(4.0) 

(9.7) 

25.0 

58.0 

120.0 

280 

470 


1 750 






1.2 




1.0 

5;o 

13.0 

90 



1 225 






1.0 


0.17 

1.2 

5.0 

17.0 


157 

370 

815 

1 275 






■ 0.8 

0.31 

1.0 

3.0 

10.5 



195 

445 

875 

1 325 






.6 

.91 

2.3 

5.1 

16.5 

74.0 


223 


920 

1 370 






.4 

i 

2.0 

4.3 

11.0 

29.0 

89.0 

122.0 

264 

560 

965 

1 420 






1.2 



0.18 

2.5 


45.0 

115 

292 

508 







1.0 


0.34 

2.0 

7.5 

28.0 

75.0 

166 


542 







0.8 

0.21 

1.2 

4.1 

13.5 


93.0 


385 

567 







.6 

.75 

2.3 

6.4 

20.0 


114.0 

224 


602 







.4 

1.9 

4.3 

11.0 

33.0 

62.0 

128.0 

236 

416 

625 







1.2 



0.53 

3.6 

• 

22.0 

56.0 

152 


272 







1.0 

0.06 

0.53 

2.3 

13.0 

35.0 

78.0 

167 

216 

288 







0.8 

.28 

1.3 

5.4 

19.5 

44.0 

90.0 

194 

224 

i 

307 







‘.6 

.72 

3.0 

10.0 

28.0 

59.0 


209 231 

1 








.4 

1.8 

6.0 

15.0 

36.0 

68.0 


217 

240 








1.2 



2.0 

8.7 

22.0 

42.0 










1.0 


1.6 

6.0 

15.7 

29.0 

46.0 

76 









0.8 

0.80 

3.7 

8.5 

17.7 

31.0 

48.0 










.6 

1.9 

6.5 

12.0 

20.0 

33.0 

50.0 

82 









A 


10.3 

16.0 

23.0 

36.0 

52.0 

85 









I 1-2 



0.14 

1.5 

5.0 

20.0 


220 

530 

1 280 

2 550 





1.0 


0.42 

1.3 

6.0 

14.5 

45.0 

115 

340 

795 

1 580 

2 800 





0.8 

0.45 

1.5 

3.3 

9.5 

28.0 

70.0 

170 

410 

930 

1 670 

2 850 





.6 

1.3 

3.0 

6.0 

16.5 

45.0 

105.0 

220 

460 

0 


1 730 

2 875 





.4 

2.3 

4.8 

9.0 

26.0 


135.0 

270 

520 


1 810 

3 000 





1.2 




1.3 

15.0 

K9K0 



460 







1.0 




9.5 

29.0 


137 

353 

505 







0.8 







186 

367 

545 







6 





48.0 



381 

590 







.4 





56.0 


228 

395 

625 







1.2 



0.2 

4.1 

17.0 

56.0 










1.0 


0.24 



32.0 

61.0 


| 








0.8 


WWM 



37.0 

63.0 










.6 

.9 

m 



42.0 

65.0 










.4 

2.8 

6.5 

114.0 

26.0 

47.0 

82.0 











The F4ry Zinc -Carbon Cell 

Similar to the LeClanch6 but contains no manganese dioxide. 
The carbon electrode is cylindrical and is made of specially pre- 
pared carbon. A horizontal plate of zinc is at the bottom of the 
carbon cylinder and is insulated from it. A test cell mounted in a 
vessel 10 cm square and 22 cm high, containing 1 liter of water 4* 
12 of ammonium chloride and a zinc plate weighing 160 g 
yieL ‘25 ampere hours (••). 


Caustic Soda Cells 

Reactions op the Caustic Soda Cell ( 20 ) 

Negative pole: Zn + 2F + NaOH + 20H~ « NaHZnO* + 
H,0. 

Positive pole: 2H+ -f 2CuO «= H,0 4- Cu>0 4- 2F (also: CutO 
4- 2H+ - HjO 4- 2Cu -j- 2F). 

Net reaction: Zn -f 2CuO 4- NaOH - NaHZnO* 4- Cu*0. 
The following graphs show performance under different con- 
ditions of temperature and concentration of electrolyte ( 36 * 1 ). 
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Caustic Soda Cells. — ( Continued ) 

CuO | 20 to 25% solution of NaOH covered with oil | Zn amalg. 
This cell is made in capacities from 200 to 1000 ampere hours. 



0 » 60 90 120 rv) ISO 2f0 Z40 270 y>0 U0 360 J90 420 450 480 sio S40 S70 

AMPERE HOURS 


Fio. 3. — Graphs showing the voltage of a 500-ampere hour cell during 

discharge at 23°C. (Private Communication.) 



Fio. 4. — Performance of cell containing 525 g caustic soda to 4400 

cm* water. Current constant at 3 ampere. 



1050 g. CAUSTIC SOOA 
♦400 cm* WATER 








• 



rc^ 

\ I20*F\ 



— 1 — . — 1 — 1 — 


i A 4 A— 

A 

6 

» A * t - 



0 20 40 «0 80 100 


200 


300 

AMPERE HOURS 


400 


500 




Fio. 5. — Performance of cell containing 1050 g caustic soda to 4400 
cm* water, the normal concentration. Current constant at 3 ampere. 



Fig. 6.— Performance of ceil containing 1575 g caustic soda to 4400 cm* 

water. Current constant at 3 ampere. 


volts 
Hoy 
ja 


2100 a. CAUSTIC SOOA 
* TO 

4400 cm* WATER 


— T—t T— f ■ 

=1— = 


— T r— T— T— 

* y ■ f r — 

21* C. 

- 






■ 

re 

ft 

» - A 1 A 

a « » 1 




c 


300 

AMPERE HOURS 


400 


500 


600 


Fig. 7. — Performance of cell containing 2100 g caustic soda to 4400 cm’ 

water. Current constant at 3 ampere. 



The Nyberg cell: Amalgamated Zn | 10% NaOH | Porous C 
Voltage 1.00 to 1.18 for currents of 1 to 0.1 ampere. For a 
volume of 1000 cm 1 and weight 1300 g the maximum ca pacity is 
210 watt-hr ( 38 ). 

The Daniel! Cell 

Zn | ZnS0 4 or H*S0 4 soln. | CuS0 4 soln. | Cu 
The two electrolytes are separated by a porous cup, or by differ- 
ence in density in the “gravity*' type of cell. E varies from 1.07 
to 1.14 volt. 

The reaction is: Zn ■+■ CuS0 4 in solution = ZnS0 4 in solution + 

Cu (**). 

The Grove and Bunsen Cells 
HgZn | 1 vol. HjS 0 4 to 12H,0 | Cone. HNO, | Pt 
E = 1.9 to 2 volt. The two acids are separated by a porous 
cup. 

The Bunsen cell is the Grove cell with platinum replaced by 
carbon. 

The Poggendorff Cell 

HgZn Dil. HjS 0 4 Cone. soln. of NajCr,Oj or K,Cr *07 

+ h,so 4 

Reaction at negative pole: 3Zn -f 6F 4- 3S07“ =» 3ZnS0 4 
which is the same for all cells with zinc dipping into sulfuric acid. 

At the positive pole: NajCr ,07 + H 1 SO 4 = NajS0 4 + H,0 -f- 
2CrOi. 

2CrO, + 3HjS0 4 + 6H+ = 6H,0 + Cr,(S0 4 )i + 6F 
Net reaction: 3Zn + 7 HjS 0 4 + NajCrjOy = 3Zn80 4 + 
Na,S0 4 + Cr,(S0 4 )i + 7H,0. 
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THE POTENTIALS OF ELECTRODE CELLS 


Charles P. Smyth 


The term “electrode cell” as 
employed in this section signi- 
fies a cell whose emf is deter- 
mined solely or chiefly by differ- 
ences in concentration or physi- 
cal condition of some atomic or 
molecular species in the elec- 
trode. The cells are arranged 
in alphabetical order of the 
symbols of the most important 
chemical element of the cell. 
In most instances the cell is 
given by literature reference 
only and only reversible cells 
have been included. 


Le terme “electrode cell” tel 
qu’il est employ^ dans cette 
section, signifie une cellule dont 
la fem est d6termin6e uni- 
quement ou principalement par 
les differences de concentration 
ou de conditions physiques 
d'une espdce atomique ou mol6- 
culaire, dans lfelectrode. Les 
cellules sont arranges dans 
l'ordre alphab^tique des sym- 
boles de lfeldment chimique le 
plus important de la cellule. 
Dans la plupart des cas, la 
cellule n’est donn6e que par une 
reference bibliographique et les 
cellules reversibles ont seules 
6t6 mentionn6es. 


Der Ausdruck “electrode 
cell, ” wieer in diesem Abschnitt 
verwendet wird, bezeichnet eine 
Zelle deren elektromotorische 
Kraft ausschliesslich oder 
hauptsachlich durch die Diffe- 
renz in den Konzentrationen 
oder in den physikalischen 
Zustand einiger atomarer oder 
molekularer Stoffe in der Elek- 
trode bestimmt ist. Die Zel- 
len sind in alphabetischer Rei- 
henfolge der Symbole des wich- 
tigsten. Elementes der Zelle, 
angeordnet. In vielen Fallen 
ist die Zelle nur durch die 
Literature telle angegeben und 
es werden nur reversible in 
Betracht gezogen. 


II termine “electrode cell” 
come viene impiegato in questo 
capitolo significa una cella la 
cui (em & determinata in 
modo esclusivo. o per la mas- 
sima parte, da differenze di 
concentrazione o di condizione 
fisica di qualche specie mole- 
colare o atomica nelTelettrodo. 
Le celle sono disposte in ordine 
alfabetico del simbolo dell’ele- 
mento piil import ante delle 
celle stesse. Nella maggior parte 
dei casi la cella k indicata con la 
citazione bibliografica, e solo le 
celle reversibili sono state 
incluse. 
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Abr£vIATION8 


AbkOrzungen 


ABBREVLAZipNI 

Ac 

Acetate radical. 

Ac 

Radical acetate. 

Ac 

Acetat-Radikal. 

Ac 

Radicale acetico. 

Ei 

Emf at t, °C. 

E t 

Fem k t } °C. 

Et 

Elektromotorische Kraft 

Et 

Fem a f, °C. 






bei t, °C. 



mv 

Millivolts. 

mv 

Millivolts. 

rm 

Millivolt. 

mv 

Millivolts. 

M 

Molal. 

M 

Molal. 

M 

Molar. 

M 

Molale. 

Mx 

The element M in the 

M, 

Lfefement M ians la 

Mx 

Das Element M ist zu x 

Mx 

L’elemento M 


amount x wt. % in the 


proportion x % poide 


Gew. % in der Elek- 


quantity x in 


electrode. 


dans lfelectrode. 


trode vorhanden. 


nell’elettrodo. 

N 

Normal. 

N 

Normal. 

N 

Normal. 

N 

Normale. 

satd. 

Saturated. 

satd. 

Satur6. 

satd. 

Gesattigt. 

satd. 

Saturo. 


Aqueous 

Solutions 

Cd,Hg 

| N CdSO« | Cd (». p. 312) 



Ag 


CdxHg 

| CdS0 4 I Cd a , 0 or y ( 14 ' 

15) 


Ag | 

AgCl | 0.1 AT KC1 | HgCl 

1 Hg-f 


CdxPb 

| N CdS0 4 I Cd (29, 35) 




E u = 45.1 ± 0.5 mv; 10 J d£/dP 

= (2.66 ± 0.2) mv/atm. 

CdxSb 

| CdS0 4 1 Cd («) 



(99) 




Cd,Sn 

| CdS0 4 I Cd (29, 35) 




nella 


' « w i — o \ — j '/ i 

Ev, = 25+5 mv (92) 

Ag(powder) | 0.1 N AgNOj | Ag(compact) ( 62 ) 

Ag*Pd | Ag 2 S0 4 | Ag (61) 

Ag x Se or Tc | N/l AgNO, | Ag (68) 

AgxSe | AgNO a (satd.) | Ag (64) 

Au 

Au(var. treatments) | AuCl, | KC1 | HgCl | Hg ( 28 ) 

AuxSn | SnCl 4 | AuCl, | Au (54) 

Ba 

Ba.Hg | Ba(OH),(satd.) | KC1 | N KC1 | HgCl | Hg (90) 

Bi 

Bi.(x = 1.6 to 93.9 at. %)Hg | Bi(NO,) 4 | Bi (66, 67) 

Cd 

Cd.Ag | N CdS0 4 | CM (®i, 90.5) 

Cd.Au | N CdS0 4 | CM (88) 

Cd.Bi | N CMS0 4 | CM (29, 3S) 

(M*Bi^Pb | AT CMSO 4 | CM (<•) 

Cd.Cu | N CdS0 4 , AT H,S0 4 | CM («•) 

°d.Hg | CdS0 4 | Cd v Hg 

Precise determinations of E and dE/dt for a number of dilute 
amalgams («o, 8i) ; ^ (*, ie, 38) 

Cd * H « | CdSO«.%HiO, Hg,gO, | Hg (•») 

V. p. 312 

Cd.Hg | Cd80,.%H,0 | Cd,Hg 

V. p. 312 


CMxTl 


Tl v Hg (50) 


Ce,Fe 

Ce,Fe 

CoxM 


AT KC1 | HgCl | Hg (»0) 
N KC1 | HgCl | Hg (to) 


Cu (05) 


M CdS0 4 or TlCl(satd.) 

Ce 

0.3AT CeCli, 0.2N FeSO 4 
0.3 N CeCl,, 0.2AT ZnCl, 

Co 

N CoS0 4 I Co ( 20 , 21 , 22 , 23, 24, 26 ) 

M = Ag, As, Bi, Cu, Pb, Sb 

Cu 

CuxAg | N CuS0 4 | Cu (35) 

Cu,Au | 0.5A/(CuS0 4 or Cu(NO,)a] 

Cu,Hg | CuS0 4 | Cu„Hg ( 82 , 83) 

Cu* (x = 1 to 16%)Hg | CuS0 4 (satd.), Hg,S0 4 | Hg-f 
E u = 347.2 ± 0.2 mv (ii) 

-f Cuu% Hg | CuS0 4 (dil.) | Cu 

E (mv ± 1) = 6.5 at 0°; = 5.5 at 25° (U) 

CuxP | N CuS0 4 | Cu (37) 

CuxPd | 0.5M CuS0 4 | Cu («i) 

Cu.Se | CuS0 4 | Cu (««) 

Cu,Te | N CuS0 4 | Cu («8) 

Fe 

Fe(var. treatments) | FeS0 4 | N KC1, HgCl | Hg 

Other similar cells (>» 28 , 76, 77). a magnetic field has a 
negligible effect upon the potential of Fe, but lowers the potential 
of hydrogen occluded in Fe, the amount of the lowering being 
approximately proportional to the intensity of the magnetic field 
and to the amount of the hydrogen overvoltage (84); c f (74, 103) 
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H, 

H,(p) | 0.1 N HC1 | HgCl | Hg+ (33) 


p*tm. 1 ^(mv) 

| Pm tm . 

E( mv) | 

• 

Pita. 

E( mv) 

1.0 

399.0 

439.3 

480.4 

754 . 4 

490.3 

37.9 

445.6 

556.8 

484.4 

862.2 

493.2 

51.6 

449.6 

568.8 

485.0 

893.9 

493.8 

110.2 

459.6 

701.8 

489.1 

974.5 

496.3 

204.7 

386.6 

468.3 

478.4 

717.8 

731.8 

489.9 

489.3 

1035 . 2 

497.5 


In 

In.Hg | Im(S0 4 ). I In„Hg 

Dilute amalgams; E ± 0.005 mv at 0 and 30° ( 86 i 87 ) 


Na 

Na.Hg | 0.6 N NaOH | Na*Hg 

Dilute amalgams; values of E u ± 0.08 mv and of dE/dt ( 78 ) 

Ni 

Ni,Cu | N NiS0 4 | Ni (ioo) 

Ni.Cu | yN NiS0 4 + (1 - y)N CuS0 4 | N KC1 | HgCl | Hg 
( 3l ) 

Pb 

Pb,M | N Pb(NO,) 2 | Pb 

M = Ag, As, Bi, Cu, Hg, Pd, Pt, Sb, Te (« 8 , « 7 , 88 , 7 ®, 71, 72, 

73 ) 

Pb z Bi | PbCl 2 (satd.) | Pb 

Dilute and concentrated alloys; E ± 0.2 mv at room temp. 

(91) 

Pb.Hg | PbAct, HAc | Pb„Hg 

Dilute amalgams; E ± 0.01 mv at 0 and 30° ( 82 t 83f ) 

Pb.Hg | PbCl, | 0.5 N NaCl. 0.5.V HC1 | HgCl | Hg 
E ± 0.1 mv at 0.2, 15.5 and 29.2° (2) 

+Pbi*Hg | A/ ? [PbAc,or Pb(Cl0 4 ) 2 j | Pb 

En = 5.7 ± 0.1 mv; dE/dt = 0.02 mv/°C (30) 

Pb,Hg | PbCl 2 (satd.) | HgCl | Hg-f (I) 1 
-f Pb*Hg | PbCl 2 (satd.) | Pb (II) } ( 98 ) 

+Pb 1% Hg | PbCl,(satd.) | Pb, 0% Hg(III) j 


% 

Type 

> °C 

E t mv 

± 

10 3 dE/dP, 
mv/atm. 

30 

1 

15 

529.8s 

0.2 

3.96 ±0. 16 

30 

I 

25 

530 62 

0 2 

3. 90 ±0. 16 

1 

I 

25 

525.6 

0 1 

2.98 ±0.2 

30 

II 

25 

24.2 

1 

1.0 ±0 2 


III 

! 25 

! 7.5 

0 5 

0.72 ±0.1 


Pb,Se | Pb(NOj)j(satd.) | Pb 
Also with PbCl 2 (*atd.) ( 64 ) 


Sb 

Sb(expl.) | SbClj | Sb(ord.)-f 

E is 18 ± 1 mv ( l8 ) 

Sb,Cu | SbCL, HC1 j Sb (3) 

Sb.Sc | 0.1N SbCli, 2AT HC1 | Sb '*3) 

Sb z Sc j SbCl,, HC1 I Sb 

Effect of light on Sb z Se ( 63 * f S) 

Sn(gray) | (NH.) 2 SnCl« | Sn(w! ite) 4 12 ) 

Sn z Ag | Sn Cl t(satd.) j Sn ( 3S ) 

MS.:, | AT HjSOi or IvOH i Sn 

M = Ag, As, Au, Bi. Co, Cr, Cu, Fe, Mn, Ni, Pb, Sb, Te, 
or Cu + A g (« 8 . 69 . ™) 

Sn,Bi I SnClx | Sn (•!) 

Sn,Co ! iV CoS0 4 | Co ( 29 ) 

SrisHg 1 0.5iV SnCli | Sn»Hg 

0 and 30°; E ± 0.005 mv ( 86 » 87 ); rf. , 36 • 
i:u«Ni or Sb j SnCl* I Sn ( 69 > 70 ) 

Sn,Pb | Pb end Sn alts \ IJ-Cl | Hg (« 



T1 

Tl.Bi | TICKsatd. at 15°) | T1 (*<>) 

T1 | TICKsatd.) | N KC1 | HgCl | Hg-f 

E u = 729.0 ± 0.1 mv; dE/dt = 0.75 mv/°C (*•) 

Tl« % Hg | TICKsatd.) | AT KC1 | HgCl | Hg-f 

Eu - 726.2 ± 0.3 mv; dE/dt = 0.71 mv/°C (3») 

Tl,Hg | T1*S0 4 | Tl v Hg 

Accurate values 0, 15, 20, 30° for wide variation of x and y 

(79, 85, 86, 87) j c /. (2) 

Tl*Pb | TICKsatd.) | T1 ( 4 , *«) 

Also with Sb and Sn 

Zn 

MZn z | ZnS0 4 | Zn 


M 

Lit. M Lit. 

M | Lit. 

Ag 

(35, 45, 68) 
(45) 

(68) 

(29, 35, 49) 
(49) 

Co 

(* J ) 

(••) 

(*») 

(102) 

v. infra 

Ni 

(101) 

(*». 4 ‘) 

(« T ) 
(25, *») 

(29, 35) 

Ag -f Pb.. . 
Au 

Cd 

Pb 

Cu 

Pb -f Sn . . 
Sb 

Bi 

Fe 

Bi -f Sb.. . . 

Hg 

Sn 


Zn z Cu | AT Na,S0 4 + yN ZnS0 4 -f (1 - y)N CuS0 4 | N KC1 J 
HgCl | Hg ( 94 ) 

Zn x Hg | ZnS0 4 | Zn v Hg 

Accurate values at 0, 0.2, 12.1, 15, 25, 35, 50°; wide range of x 

and v (13, 19, 34, 59, 82, 83) 


-t-Zn 0 .«%Hg 


Zni.i^Hg 


ZnS0 4 
ZnClj 

E (mv) = 6 . 964(1 -f 0.0044&); range, t 
Zn 10 %Hg | ZnS0 4 .7H 2 0, Hg 2 S0 4 | Hg-f 
En = 1419.99 ± 0.05 mv; 10* dE/dP 
atm. ( ,7 ) 


10 to 50° (*) 

— 12.2 ± 0.3, mv/ 


Zn 7% Hg | ZnCI, (p %), MCI | M-f (••) 


M 

P, % 

Eh, mv 

± 

10* dE/dP, 
mv/atm. 

Ag 

35 03 

958 . 72 

0.05 

— 1 . 22 ± 0 . 2 

Ag 

65.59 

846 66 

0.1 

-2.6610.2 

Hg 

35.03 

1005 61 

0.05 

+ 1. 5410.15 

Hg 

65.59 

892.8 

0.2 

4-0. 0410.03 


No.v-Aqueous Liqfids 


Ca& .05 4«7c Hg 


Ca 0 .u%Hg (5) 


Calj in pyridine 
CaClj in alcohol 

For similar cells in CH 3 OH at 80 f C, v. ( 6 ) 
Ca z Hg | Cal 2 | AgNO, | Ag 
In pvridine ( 7 ) 

Cd x Bi | CdCli in LiCl -f KC1 4- KOI! I Cd 


F + 2 mv at 431. 479. 533 and 577°: same with Sn (® 7 ) 


+ Ko i 2 i«r c Hg | KI in ethyl unine | K 

En -= 1048.1 ± 0.3 niiv; dE dt = ± 0.272 ( 56 ) 

-f Li«.oi 44 ",Hg | Li C 1 in pvridine | Li ft .n 2 s~Hg 

E ? = 16.9 ±02 mv; LiCl almost satd. ( 82 » 83 ) 

-f Lio.oa6c c Hg 1 Mi in pyridine I I.i 

E h ~ 950.2 ± 1 mv; d E 'dt - 0.322; LiCl almost satd. 

Mg*Hg i O.uoM MgCL | 0.35 A f MgCl, | HgCl L Hg 

In methyl alcohol at — 80 C ( 8 ) 

Mg z Hg ! Mgls | AgNOj | Ag in pyridine ( 8 ) 

-f Xa , so«r,Hg I Nal in ctliy amine • Na 

Ei j = 845.6 ± 0.1 mv; dE .1/ = 0.0408 i«) 

Na z Hg I O.IA^ Nal in pyn line Fig ( 4 ) 

Na z IIg | A'aOH in 959* a.eohoi Hg.O J Hg ( 32 ) 

Pb z Hg | PbBrKsolidj | P , Hg. 263 to 403°K ( 4 «) 

Pb z Zn | y ZnClj -f (1 - y) PbCi; i Pi>Cl 3 I Pb, 515° ( 7S > 
+Rbo.m%Hg | Rbl in C 2 H i NH 2 4 ML ’ Rb 
Eh = 1074.5 ± l mv 55) 
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Sn,Hg | SnCli in pyridine | Sn*Hg 

E ± 0.4 mv at 25 and 50°; x, 0 — 100% (* 6 ) 
Zn,Cd | ZnCls in LiCl + KC1 + KOH | Zn 
E ± 0.2 mv at 436, 464, 541 and 572° (•») 
Zn x Cu ! ZnCl, | Zn (89) 

Zn,Sb | ZnCls | Glass | Zn (96) 

Zn z Sn | ZnCl, in LiCl + KC1 + KOH | Zn 
E ± 0.2 mv at 431, 466, 537, 570° (»*) 


LITERATURE 

(For a key to the periodicals see end of volume) 

(*) Arndt, 198, 7: 627; 10. (*) Babinaki, Leipiig, 1906. ( 3 ) Baikov, 

in B87, H, Pt I: 146; 21. («) Beider, Chemik PoltJn, 16: 119; 17. (*) 

Cady, 60, *: 651; 98. (•) Cambi, 88, 13 H: 606; 14. ( 7 ) Cambi, 88, 24 I ; 

817; 15. (•) Cambi, 88, 24 I: 932; 15. (») Carhart, 81 A, 7: 476; 11. 

( ,0 ) Clotofski, 93, 114: 1; 20. (**) Cohen, Chattaway and Tombrock, 7, 40: 

706; 07. (>*) Cohen and van Eijk, 7, 30: 601; 99. ( ,3 ) Cohen and van 

Qinneken, 7, 76: 437; 10. ( I4 ; Cohen and Heldermann, 64P, 17: 638; 14. 

( ,# ) Cohen and Heldermann, 64 V, 28: 60; 14. (>•) Cohen and Kruyt, 7, 

•6: 359; 09. ( ,T ) Cohen and Sinnige, 7, 67: 613; 09. ( ,§ ) Cohen and 

Strengers, 7, 62: 129; 05. (»•) Crenshaw, 60, 14: 158; 10. 

<*•) Ducelliet, 34 , 160 : 98; 10. (**) Ducellies, 87, 7: 196; 10. ( 3a ) Ducelliea, 

87, 7: 199; 10. (* 3 ) Duoellies, 87, 7 : 201; 10. ( 34 ) Duoellies, 87, 7: 202; 

10. (*») Duoellies, 87, 7 : 205; 10. (*•) Ducellies, Thetis, Bordeaux, 

1911. (*7) Ducellies, 87, t: 1017: 11. (*•) Fawsitt, 64, 36: 1133; 06. 
(*•) Fuchs, 93, 106: 80; 19. 

(*«) Gerke, 1, 44: 1684 ; 22. (*») Gordon and Smith, 60, 22: 194; 18. ( 3a ) 

Haber and Sack, 9, 8: 245; 02. ( 33 ) Hainsworth, Rowley and Maclnnes, 

J, 46: 1437; 24. ( 34 ) Henderson, 8, 29: 507; 09. ( 3# ) Herschkowitsch, 7, 

37: 123; 98. (>•) van Heteren, 93, 42: 129 ; 04. ( 37 ) Heyn and Bauer, 

93, 61: 129; 07. ( 34 ) Hulett and DeLury, 1, 30: 1805; 08. ( 3f ) Jones and 

8ohumb, 66, 66 : 199; 19. 


( 40 ) Katayama, 7, 61: 560; 08. ( 4I ) Krernann and Battig, 96, 12: 414; 20. 
( 4a ) Krernann and Eitel, 96, 12: 363; 21. (°) Kremann, Fritscb and 
Riebl, 96, 13: 66; 21. ( 44 ) Kremann and Grnachl-Pommer, 96, 12: 241; 

20. ( 4 •> Kremann and Hofmeier, 67 32: 597; 11. ( 44 » 47 ) Kremann and 

Knabel, in B87, U, Pt. I: 283, 391; 21. ( 4a j Krernann and Langbauer, 93, 
127: 239; 23. ( 49 ) Kromann, Langbauer and Rauch, 93, 127: 229; 23. 

(*°) Kremann and Lobinger, 96, 12: 246; 20. ( 41 ) Krernann and Rudercr, 96, 

13 : 209 ; 20. ( B2 ) Kremann and Ruderer, 96, 12: 403; 20. ( 8I ) Kremann 

and Wittek. 96, 13: 90; 21. ( 84 ) Laurie, 3, 38 : 94 ; 92. (*•) Lewis and 
Argo, 1, 87: 1983; 16. ( 86 ; Lewis and Keyes, / 34: 119; 12. ( ,7 ) Lewie 
and Keyes, 1, 36: 340; 13. ( 8S ) Lewis and Kraus, 1, 32: J459; 10. ( B *) 

Mees, Diet., Utrecht, 1916. 

( 80 ) Muzaffar, 93. 126 : 254 ; 23. («») Nowak, in B87, H, Pt. I: 83; 21. ( 42 ) 

Palitsch, 186, 1911: 396. (« 3 ) PC-labon, 34, 161: 641; 10. (•*) P61abon, 

34, 164: 1414; 12. (««) P^labon. 14, 13: 121; 20. <••) Pushin, 63, 34: 

856; 02. (« 7 ) Pushin, 93, 36: 201; 02. («») Pushin, 63, 39: 13; 07. 03, 

86: 1; 07. («») Pushin, 63, 39: 528; 07. 

( 70 ) Pushin, 63, 39: 869; 07. ( 7I ) Pushin and Lascenko. 63, 41: 23; 09. ( 72 ) 

Pushin and Lascenko, 93, 62 : 34 ; 09. ( 73 ) Pushin and Pashskii, 63, 40: 

826; 08. ( 74 ) Rathert, 9, 20: 145; 14. ( 7S ) Reinders, 93. 25: 126; 00. 
( 76 ) Richards and Behr, 168, No. 61; 06. ( 77 ) Richards and Behr, 7, 68: 
301; 07. ( 7i ) Richards and Conant, 1, 44: 601; 22. ( 70 ) Richards and 

Daniels, 1, 41: 1732; 19. 

(*°) Richards and Forbes, 162, No. 66; 06. ( 81 ) Richards and Forbes, 7, 58: 

301; 07. (* 2 ) Richards and Garrod-Thomas, 162, No. 118; 09. (* 3 ) 

Richards and Garrod-Thomas, 7, 72: 165; 10. ( 44 ) Richards and Richards, 

1% 46: 89; 24. (•*) Richards and Smyth, 1, 44 : 524 ; 22. (**) Richards 

and Wilson, 162, No. 118; 09. ( 87 ) Richards and Wilson, 7, 72: 129; 10. 

( 88 ) Saldau, 63, 46: 994; 14. ( 88 ) Sauerwald, 93, 111: 243; 20. 

(»°) Schoeller, 9, 6: 259; 98. ( 3 °- 8 ) Schreiner, 03, 125: 173; 23. (*») Shep- 
herd, 60, 7 : 15; 03. (* 2 ) Sichling, 7, 77 : 1 ; 11. (® 3 ) Smith, 3. 19 : 2.50; 10. 

(» 4 ) Smith and Gordon, 60, 20: 228; 16. (•*) Tamraann, 188, 1917: 345 

(»•) Tammann, 9, 28: 36; 22. (® 7 ) Taylor, 1, 46: 2865; 23. (® 8 ) Timo- 
feev, 7, 78: 299; 11. Timofeev. 7. 86: 113; 13. 

(i°°) Vigouroux, 27, 7: 191; 10. ( 1 0 1 ) Vigouroux and Bourbon, 27, 9: 873; 11. 

(> 02 ) Vigouroux. Ducelliez and Bourbon, 27, 11: 480; 12. (> 03 ) Walker 

and Dill, 78, 11: 153; 07. 


THE EMF OF CONCENTRATION CELLS 

H. S. Harned 


Contents 

Abbreviations and symbols. 
True concentration cells. 

Aqueous solutions. 
Non-aqueous solutions. 
Cells with salt bridges. 

Aqueous solutions. 
Non-aqueous solutions. 


Matieres 

Abr6viations et symboles. 
Piles de concentration vraies. 

Solutions aqueuses. 
Solutions non aqueuses. 
Piles avec liaisons salines. 

Solutions aqueuses. 
Solutions non aqueuses. 


Inhaltsverzeichnis 

Abkiirzungen und Zeichen. 
Wahre Konzentrationsketten. 

W&ssrige Losungen. 
Nichtwassrige Losungen. 
Ketten mit Salzen als Zwi- 
schenelektrolyt. 

Wassrige Ldsungen. 
Nichtwassrige Losungen. 


Indice Paoe 

Abbreviazione e simboli . . . 322 
Pile di concentrazione pro- 
priamente det-te. 

Soluzioni acquose 322 

Soluzioni non acquose . . 329 
Pile con ponti salini. 

Soluzioni acquose 330 

Soluzioni non acquose. . . 331 


For the purpose of defining the scope of this section a concen- 
tration cell will be defined as one whose emf serves as a measure 
of the free energy change corresponding to a definite change in the 
activity of a molecular (or ionic) species in the solution. 1 
The section is divided into two parts as follows : 

Part I. True concentration cells 
These include all cells whose total emf is a direct measure of the 
free energy change. These are of two types as follows: 

Type 1. Cells without transference 

Example: 

. H, | HCl(ci) I AgCl | Ag 
H, | HC1 (c,) | AgCl | Ag 

or by combining 

Ag | AgCl | HCl(ca) | H, | HCl(c.) | AgCl | Ag (2) 
The cell reaction of cell (2) represents per faraday, the transfer 
of one equivalent of HC1 from ca (activity a*) to C\ (activity ai). 
The equation for this cell is, E = (RT/F) log. a,/^. 

1 For oells whose emf is a function of the activity of a molecular species in the 
». p. 319. 


( 1 ) 


Type 2. Cells with transference 

Example : 

H a | HCl(Ci) | HCl(ca) | H, 

The equation for this type is, E = (nRT/F) log, where n is 
the number of equivalents transferred from activity a, to a 2 per 
faraday. 

Part II. Cells with salt bridges 

Each cell listed in this group is composed of one of the standard 
reference electrodes joined (usually by a salt bridge) to a half 
cell containing the ion-species whose activity is sought. If from 
the total emf of such a cell, the emf of the reference electrode 
plus the emf s at the liquid junctions be subtracted, the result is a 
measure of the activity of the given ion species under the con- 
ditions which prevail in the other half of the cell. 

Since the correction for liquid junction potentials is in 

most cases a matter of considerable uncertainty in the present 

state of our knowledge, these cells are listed by literature reference 
only. 




i 
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B t 

my 


8 , 1 , g 

N 

c 

m 

x 

satd. 


ABBREVIATIONS, SIGNS AND SYMBOLS 

Emf in volts at f, °C. 

Millivolts. 

Used to indicate a boundary between phases and 
a liquid junction. 

Solid, liquid, gas. 

Gram-equivalents per liter. 

Formula- weights per liter. 

Formula-weights per kg of HjO. 

Wt. %. 

Saturated solution. 


LITERATURE 

The older literature is not given except in cases where later and 
more accurate data are not available. For this older literature, 
see (*» 10 ). 

I. TRUE CONCENTRATION CELLS 

The positive end of \he cell is marked + ; negative values of E 

indicate a reversal of this polarity 

Aqueous Solutions 

A-0& Table. — Standard arrangement ( v . Vol. Ill, p. viii) in order 
of the molecular species whose concentration changes 

C1 S (»27, 177) 

+Pt | Cl,(p), HCl(O.lN) I HgCl I Hg 


p (atm.) 

En 

p (atm.) 

E u | 

p (atm.) 

Eu 

0.0490 

1.0508 

0.0249 

1.0424 

0.00629 

1 . 0242 

0.0492 

1 . 0509 

0.0243 

1.0419 

0.00631 

1.0243 

0.0495 

1.0510 

0.0124 

1.0330 

0.00298 

1.0154 

0.0247 

1.0421 

0.0125 

1.0330 

0.00293 

1.0150 


HC1 

Hi | HCl(m) | AgCl | Ag + 


10*771 

E u ± 
0.0,2 

Lit. 

10*771 

E 25 ± 
0.0,2 

10*771 

Ejfi ± 
0.0,2 

Lit. 

48.26 

0.3874! 

(120) 

4.83 

0.6002 

0.242 

0.6514 

> 

(120) 

9 66 

.4658 

(120) 

1.00 

0.5791 

0.136 

(0.6805) 


' ( 12 °) 

10 

.4665 

(87) 

0 . 483 

0.6161 



-1 



(164) 


.71 

Eu 

771 

Eu 

771 

Ei* 

0.01113 

0.01002 

0 . 46376 

0.09642 

0 . 35393 

0.5013 

0.27195 

0 . 008308 

0.01010 

0.46331 

0 . 09834 

0.35316 

0.6367 

0 . 25902 

0.006661 

0.01D31 

0.46228 

0.2030 

0.31774 

0.9377 

0 . 23696 

0 . 03342 

0.04986 

0.38582 

0.3981 

0.28407 

1.0008 

0 . 23290 

Hg | HgCl 

0.05005 

0.38508 

0.5009 

0.27197 

1 . 5346 

0 . 20534 


(69) 


m 

Ei 0 

1 m 

E 20 

771 

Eto 

0.01000 

0.02000 

0.05000 

0.46303 

0 . 42968 
0.38602 

0.10000 

0.20000 

0.3500 

0.35315 

0.31998 

0.29244 

0.5000 

0.7000 

1.0000 

0.27419 

0.25611 

0.23564 


(144) 


m 

Eu 

m 

Eu 

m 

Eu 

0.0001182 

0.6897 

0 . 0006793 

0 . 5987 

0.004006 

0.5094 

0.0001529 

0 . 6748 

0.0008540 

0.5870 

0.007687 

O'. 4768 

0.0001602 

0.6726 

0.0008915 

0.5849 

0.01166 

0.4565 

0.0004185 

0.6233 

0.001376 

0.5628 

0.01970 

0.4309 

0.0004381 

0.6210 

0.001467 

0.5597 

0.02263 

0.4242 

0.0004579 

0.6189 

0.001705 

0.5522 

0.03616 

0.4015 

0.0005060 

0.6137 

0.001850 

0.5480 



0.0005071 

0.6137 

0 . 003377 

0.5178 




E, = Eul 1 + otft - 25) + 0(t - 25)*] (1«6) 


771 

| Bu 

Eu 

Eu 

10 *« 

10*0 

0.33314. j 

0 . 29678 

0 . 29348 

0 . 28958 

-1226.6 

-10.22 

0 . 09534 

0.35600 

0 . 35453 

0 . 35270 

- 465.4 

- 5.08 

0 . 03324 

0.40530 

0.40545 

0.40513 

- 20.97 

- 5.80 

0.00948 

0 . 46452 

0 . 46666 

0.46824 

398.6 

- 6.00 

0 . 003378 

0.51325 

0.51696 

0 . 52023. 

675.0 

- 4.26 

0.000999 

0 . 57308 

0 . 57893 

0.58421 

960.7 

- 4.81 


E t 


H, 

= Eu[ 1 


HCl(m) | HgCl | Hg + 

+ a(t - 25) + 0{t - 25)*] («) 


771 

Ei% 

Eu 

Eu 

• 

10 «« 

1 m 

4.484 

0.15759 

0.15506 

0.15125 

-2384 

-7.82 

1 . 9278 

0 . 23769 

0 . 23589 

0 . 23304 

-1137 

-7.06 

1.0381 

0.27919 

0.27802 

0.27595 

- 663 

-8.23 

0.7714 

0 . 29654 

0.29571 

0.29411 

- 460 

- 8.20 

0.5095 

0.31912 

0.31865 

0.31765 

- 253 

- 6.00 

0.3376 

0.33845 

0 . 33836 

0.33794 

- 75 

-4.96 

0.1004 

0 . 39764 

0.39884 

0.40013 

386 

-6.47 

0.03332 

0 . 45020 

0 . 45258 

0.45557 

715 

-5.47 

0.01001 

(0.5271) 

(0 . 5302) 

(0 . 5369) 

( 1010 ) 

(26.1) 

0 .-003333 


(0 . 8040) 

(0.8105) 

0 



771 (H9) 

Eu 

771 (11») 

0.01006 

0.5109 

6.75 

0.1009 

0.39895 

10.0 

1.029 

0.2779 

16.0 

2.25 

0.2231 



Eu 

0 0972 

0.03025 

0.06025 


Hg | HgCl | HCl(c) | Hi | HC1 (c = 1) I HgCl 


E-. 


w 1 

2 

1 

0.0490 

1 

6 

~ 1 

0.1825 

1 _ 

10 

0.2940 

3 

0.0880 

7 

0.2138 

11 

0.3220 

4 

0.1190 

8 

0.2420 

11.5 

0.3360 

5 

0.1520 

9 

0 . 2630 





+C1,(1 atm.) | HCl(c) | H, 

Values of £,,,(±0.006) from c = 5 to 12 (< 3 . ,3 »); 
Ag | AgCl | HCl(ci) | HCl(ci) | AgCl | Ag + 


Cl 


Cl 



0 . 03330 


0 . 003329 
0 . 003329 
0 . 003329 
0 . 003329 
0 . 003329 
0.001665 


0.09159 

0.06420 

0.04815 

0.03658 

0.02777 

0.11951 


0.01665 
0.01113 
0.008315 
0.000086 
0.005561 


0.001605 

0.001665 

0.001665 

0.001665 

0.001665 


0.09232 

0.07662 

0.06485 

0.05012 

0.04882 


57, 141, 163) 


Ci 
Ci 

E\%.% 


0.05 
0.02 
0.0361 


0.02 
0.01 
0 . 0278 


Ci 

Ci 

E 


31 


+H, 

0.1 
0.05 
0 . 00498 


0.1 
0.05 
0.0272 

HCl(c,) | HCl(ci) 1 H, (<*) 

0.1 
0.01 
0.01730 


0.01 

0.002 

0.0665 


0.1 

0.002 

0.1590 


0.1 

0.02 

0.01138 


0.05 

0.02 

0.00685 


0.02 
0.01 
0.00532 


1 ( 31 ) 


Ci 

2 

3 

4 

5 


Eu 

Ci 

Eu 

Ci 

0.0082 

6 

0.0321 

10 

0.0144 

7 

0.0395 

11 

0.0195 

8 

0.0484 

11.5 

0.0255 

9 

0.0571 




0.0666 

0.0775 

0.0836 
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HC1. — ( Continued ) 

H, | HC1, MCI. | HgCl | Hg + 


HCl 


MCL 



c - 0.09 to 0.01. . 
m ™ 0.1 to O.Oil. . . 

c - 0.1 

m - 0.1004 

m - 0.1004 

m - 0.1004 

m ■» 0.01 to 0.1.. . . 

m - 0.1 

m - 0.1 

m - 0.1 ...... 

m - 0.01 

m = 0.005 to 1.5.. . 
m - 0.125 to 0.375 


m = 0.001 to 3 


KC1 


0.01 to 0.09 

■ 0.0 to 0.1 
0.0 to 3.0 

0.0 to 3.3 

■ 0.1 to 3.7 
0.4 to 4.5 
0 4 to 4.0 

= 0.1 to 1.3 

■ 0.1 to 1.0 
= 0.1 to 1.0 
0 1 to 1.0 

= 0.00625 to 0.9 
» 0.00417 to 0.125 
= 0.0 to 3 
= 0.0 to 3 
=* 0.0 to 3 


HCl 



AgCl | Ag + 


MCI* 


t 


Lit. 


m — 0.01 to 0.1 


KC1, m - 
NaCl, m 
LiCl, m 
CeCl, m 


0.01 to 0.1 
- 0.01 to 0.1 
> 0.01 to 0.1 
= 0.01 to 0.1 


l 

J 


20 


(«•) 


Ag | AgCl | HCl(ci), HNOj(cj) | HNO,(c 2 ), HCl(0.002c) | 

AgCl | Ag-{- 

For ci = 0.01, 0.02, and 0.04 resp., c 2 = 0.005, 0.01, 0.02, ard 
0.04. 18° (is?) 


+ H* | HCl(O.lm), gelatin(x%) | gelatin(x%), HCl(v. }m ) | H 2 
also Hg | HgCl | HCl(O.lm), gelatin(x%) | gelatin(x%), HCl 
(0.01m) | HgCl | Hg + 
x = 0.0 to 20.0, 25° (57) 


HBr 

H 2 | HBr(m) | AgBr | Ag + 


m 


E 


u 


0.01 

0.03 

0.085 

0.1 




m 


E 


26 


0.3141 
0.2604 
0.2101 
0 . 2022 



0.1086 

0.1878 

0.2400 

0.3075 


0.1982 

0.1713 

0.1585 

0.1463 


Lit. 

m 

Eu 

Lit. 

( mj 



(121) 

(121) 



(121) 

(121) 



(121) 

(121) 


0.0535' 

(121) 



AgBr 
MBr a 

KBr, m = 0.0 to 3 
NaBr, m = 0.0 to 3 

HBr 2 ( Cl ), HBr(c 2 ) | H 2 (15) 


Ci 

c 2 

Ph 2 

PBr 2 

PHBr 


(mm) 

(mm) 

(mm) 

& 10 

,0.049 

11.5 

742.5 

0.682 


msm 

0.126 

10.2 

753.6 

1.509 

2.25 

mm 

0.127 • 

8.7 

760.6 

.1.448 

1.119 



Hi | HBr(c,) | HBr(c 2 ) | H 2 + (133) 

Hg | HgBr | HBr (0.126c) | HBr(0.0132c) | HgBr | Hg + 
E\t = 0.0932 (Ml) 


Ii 



[Ptl | I 2 (c), KI(c 2 ) | KI(c 2 ), Ii(c) | [Pt]+ (107) 


Cl I 

Ci 

Ci 

E 20 , i I 

! ci 

Ci 

Ci 

Eto. « 

0.05 

0.115 

0.005 

0.0444 

0 . 0322 

1.0 

0.0139 

0.0108 

0.005 

0.116 

0.0005 

0 . 0304 

0 . 056 

1.0 

0.0139 

0.0184 

0.05 

0.23 

0.005 

0.0352 

0.109 

1.0 

0.0139 

0.0273 

0.005 

0.23 

0.0005 

0.0297 

0.209 

1.0 

0.0139 

0 . 0376 

0.05 

0.344 

0.005 

0.0326 

0 279 

1.0 

0.0139 

0.0434 

0.005 

0.344 

0.0005 

0.0295 

0.362 

1.0 

0.0139 

0.0491 





0.508 

1.0 

0.0139 

0.0588 


% 


+I 2 (s) I KI(C|) I KI(C), I 2 (0.0,5 c) I [Pt] (10«) 

A -* i- 


Ci 

Eu 

Ci 

e m 

0.026 

0.0640 


0.1040 

0.05 

0 . 0728 

0.7 

0.1099 

0.115 

0.0830 

0.85 

0.1136 

0.344 

0.0987 

1.0 

0.1172 

+I 2 (s) | KI(c) 

| NH.NCMIOe) 

| KI(c), Ii(0.0)5e) | [Pt] fio*) 

Ci 

Eu 

Cl 

Eu 

0.025 

0 . 0670 

0.5 

0.1086 

0.05 

0.0762 

0.7 

0.1154 

0.115 

0 . 0869 

0.85 

0.1200 

0.344 

0.1031 

l'O 

0.1252 


HI 

H 2 | HI(m) | Agl | Ag+ (I 50 ) 


m 

Eu 

Ezo 

Eu 

0.00505 

0.12417 

0.12707 

0 12964 

0.01045 

0 . 08825 

0.09060 

0 . 09262 

0.01981 

0 . 05735 

0.05931 

0 . 06083 

0.05040 

0.00106 

0.01128 

0.01235 

0.07914 

-0.01210 

-0.01128 

-0.01073 

0.1297 

-0.03615 

-0.03556 

-0.03531 

0.2461 

-0.06905 

-0.06864 

-0.06829 


h 2 so 4 

H, | H 2 S0 4 (m) I Hg 2 S0 4 | Hg-f (1*5) 


m 

Eu ± <0.0»2 j 

m 

E a ± <0.0,2 

0.005 


2.313 

0.6442 

0.05 


2.922 

0.6315 - 

0.1112 

0.7343 

3.859 

0.6145 

0 . 2789 

0.7114 

4.827 

0 . 5975 

0 . 5607 

0.6929 

6.168 

0 . 5770 

0 . 8453 

0.6812 

8.295 

0.5495 

1.133 

0.6720 

13.88 

0 . 4985 

1.717 

0.6571 




H 2 | H2S0 4 (c) | Hg 2 S0 4 | Hg+ ( 28 ) 


c = 0.00482 

c = 0.01506 

4 

IHEB 

0.0673 

t 

E | 

1 t 

E 

I t 

E 

15.7 

0.8240 

15.7 

0.7925 

13.7 

0.7494 

25.7 

0 . 8243 

25.7 

0.7927 

25.2 

0.7493 

37.8 

0.8246 

37.8 

0.7930 

35.7 

0.7491 

49.5 

0.8249 

49.5 

0.7933 

47.8 

0 . 7485 

64.1 

0.8259 

64.1 

0 . 7939 

59.9 

0.7486 

79.9 

0.8263 

79.9 

0.7949 

82.1 

0 . 7527 

c = i 


c = 

1.235 

c = 

4.837 

* 1 

E 

t 

E 

t 

. E 

13.7 

0.7155 

13.9 

0.6402 

15.6 

0.6012 

25.2 

0.7144 

25.7 

0.6371 

26.1 

0 . 5986 

35.7 

0.7132 

37.4 

0.6333 

37.0 

0 . 5957 

47.8 

0.7116 

49.4 

0.6295 

48.7 

0.5925 
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H 2 S0 4 . — ( Continued ) 


c = 0.2784 


t 


E 


c = 1.235 


c = 4.837 


t 


E 


t 


E 


59.9 
82 1 


0.7104 

0.7132 


60.5 

70.9 

80.2 


0.6267 
0.6240 
0 . 6207 


60.8 

73.8 


0 . 5892 
0.5857 


c = 0.1110 

c = 

14.87 

t 

E 

1 

E 

15 e 

0 5698 

16.6 

0 . 4995 

26.1 

0 5673 

28.4 

0 . 4970 

37 0 

0 5646 

40.8 

0 . 4943 

48 7 

0.5617 

55.6 

0.4906 

60.8 

0 . 5582 

70.2 

0.4864 

73.8 

0 . 5542 




+ H a I H 2 S0 4 (c) | PbS0 4 ! Pb (44) 


c . 

E 0 . 


0.513 

1.01 

2.30 

3.20 

0.269 

0.282 

0.317 

0.339 


7.70 
0.426 


H 2 | H 2 S0 4 (c) | PbS0 4 ! PbO,+ (44) 


c 

E 0 


0.513 

1.610 


1.01 
1.617 


2.30 
1.654 


3.20 

7.70 

1.682 

1.801 


+Pb0 2 | PbS0 4 | H 2 S0 4 (c) | PbS0 4 | Pb 



+Pb | PbS0 4 | H 2 S0 4 (ci) | H 2 S0 4 (c 2 ) 

c s = 2.99 (97) 


PbS0 4 | Pb 



+H, | H 2 SO 4 (0.1m) | H t S0 4 (0.01m) | H, 
Eu = 0.01131 ( 53 ) 

H, | H*S0 4 (c) | HiS0 4 (c 

T , 7 


E 17 


0.046 

— 0. 0252 

7.19 

0.02&1 

0.184 

-0.0179 

10.0 

0.0557 

0.364 

-0.0149 

11.07 

0.0686 

1.49 

-0.0058 

12.37 

0.0928 

4.50 

0.0082 

13.17 

0.1192 


Hg | HgtS0 4 | HjSO 4 (0.1m) | H,SO 4 (0.0Im) | Hg,S0 4 | Hg + 
E u - 0.04925 (54) 


m = 0.1 and 0.01 


H, | H,SQ 4 , MxSQ 4 | UgSOi | Hg + 

H 2 S0 4 | M,S0 4 

KiS0 4 , m = 0.0 to 0.5 
Na 2 S0 4 , m = 0.0 to 1 
MgS0 4 , m =» 0.0 to 1 
K*S0 4 , c = 0.0 to 0.625 
Na 2 S0 4 , c = 0.0 to 2 
Li 2 S0 4 , c = 0.0 to 2 
Na*S0 4 , m * 0.05 to 2 


m — 0.05 and 0.005 


m = 0.05 to 2 


i ‘ 

| Lit. 

25 

(«) 

25 

( 7 ) 

25 

(»**) 


NH, 

y. CuOH, Zn(OH)j, AgNO,, Cd(OH)! and AgCl 


Hg | HgCl | NH 4 C1(0.1N) 
E x g = 0.0546 (>41) 


NH 4 C1 

NH 4 C1(0.01^) I HgCl 


Hg-f 


(C»H6CHi)i(CHs)NC1 i Tribenzylmethylamraonium bromide (T) 

Ag | AgBr | TBr(o) | TBr( Cj ) | TBr(cj) | AgBr | Ag + 

Also the same cell with salt bridges (45) 

PbClj 

Pb.Hg | PbClj(c) | AgCl | Ag+ ( 27 ) 


l, °C^-^ 

satd. 

0.0265 

0.00984 

0 

0.4864 

0.4831 

0.5092 

16.7 

0.4801 

0.4859 

0.5128 

30.5 

0.4747 

0.4875 

0.5153 

40.5 

0.4707 

0.4884 

0.5168 

49.3 

0 . 4672 

0.4888 

0.5177 

58.3 

0.4637 

0.48 88 

0.5183 

67.0 

0.4601 

0.4886 

0.5186 

76.0 

0.4560 

0.4882 

0.5187 

84.0 

0.4529 

0.4878 

0.5184 

92.2 

0.4497 | 

0 . 4868 

0.5177 


Pb(NOi)* 

+Pb.Hg | Pb(NO.),(c) | Pb(NO.)j(ci) I Pb.Hg 



+Pb | Pb(NOi)j(c.) I Pb(NO,)i(ci) I Pb 



Pb(CiHiOi) 



Zn | ZnO(ei), NaOH(c.) | ZnO(c) | NaOWc) I Zn + 
e, - 0.012 to 0.0024; c , = 0.37 to 1.95; e, = 0.09 to 0.97, 

room temp. C 1 ° 4 ) 

Zn | Zn(OH)i(ci), NH,(c) | Zn(OH)i(c,), NH,(c) \ Zn 
ci =» 0.125 to 0.00825; e* = 3, 4, 5 and 6; c» = IA 2 and 4, 

25° (**) 
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ZnCl, 


Zn | ZnCl,(m and c) | A gCl [ Ag + 

m | H m | P c I 

(87) j| (« 7 ) || (»*) 


0.01021 


1 

0.001253 

1 . 2289 

0.566 


0.006022 


0 . 000772 

1 . 2475 

1.112 


0.003112 

0.001453 

1 . 1953 
1.2219 

0.000649 

0 . 0003995 
0 . 0003478 

1 . 2497 

1 . 2699 

1 . 2701 

2.22 



Zn 1% Hg | ZnClj(c) [ HgCl | Hg + ( no ) 


— » » 

c 

Eic.i 

c 

E , 0.2 

9.97 

0.8539 

0.550 

1.0626 

6.76 

0.9245 

0.454 

1.0683 

6.16 

0.9385 

0.385 

1.0755 

4.54 

0.9740 

0.275 

1.0851 


1.0005 

0.137 

1.1081 

1.54 

1.0300 

0.077 

1 . 1269 

1.10 

1.0406 

0.068 

1.1309 

0.77 

1 . 0528 

0.0616 

1 . 1298 

0.616 

1 . 0573 

0.034 

1 . 1524 


Zn,Hg | ZnClj(ci) | HgCl | Hg | HgCl | ZnCl,(c,) | Zn x Hg 
Also same with AgCl | Ag | AgCl bridge ( 66 ) 

Zn | ZnCl,(m) | Cl,(p) | Pt (««) 
t « 60.5 and 80.4°C; m *= 0.07 to 25; p = 1 atm. 

-f Zn | ZnCl, (2.35c) | ZnCl, (0.144c) | Zn 
Eu = 0.0751 (30) 

Zn | ZnCl, (mi) | ZnCl,(m0 [ Zn (*«) 
t = 60.5 and 80.4°C; m, = 2.4 to 25; m, = 0.87 to 4.85 
Pt | Cl,(p) | ZnCl, (mi) | ZnClt(mi) | Cl,(p) | Pt (50) 
t - 60.5 and 80.4°C; m, =- 2.4 to 25; m* = 0.87 to 4.85; p = 1 

atm. 


ZnBr, 

Zn.Hg | ZnBr,(ci) | HgBr | Hg | HgBr | ZnBr,(c,) | Zn,Hg 
Also same ^fcell with AgBr | Ag | AgBr bridge ( 67 ) 


ZnSO« 

Zn-Hg (2-phase) | ZnS0 4 (m) | PbS0 4 | Pb-Hg (2-phase) + 

(* 4 ) 


m 

Eu 

m 

Eu 

m 

Eu 

0.000658 

0.6074 

0.00506 

0.5658 

0.2532 


0.000670 

0.6072 

0.00910 

0.5552 

0.3518 


0.000687 

0.6067 

0.01712 

0.5449 

0.8564 

0 . 4932 

0.000702 

0.6060 

0.01824 

0.5439 

1.426 

0.4858 

0.001505 

0.5898 

0.04120 

0.5317 

2.052 

0,4783 

0.001648 

0.5878 

0.08532 

0.5211 

2.749 

0.4685 

0.003322 

0 . 5737 

0.1732 

0.5122 

3.419 

0.4581 


Zn i%Hg | ZnS0 4 (c) | Hg,S0 4 | Hg + 


c 

* 

2.6 

1.5 

1.0 


Slo.t 

1.4306 

1.4452 

1.4520 

1.4545 


( 110 ) 


Zn.Hg 1 ZnS0 4 (c,) I PbS0 4 1 PtfcHg | PbS0 4 1 ZnS0 4 (c,) | Zn.Hg + 



0.1 

0.05 

0.01 




0.01 

0.005 

0.001 

1 

• ( 66 ) 

Eu 

0.0427 

0.0441 

0.0522 




-f Zn | ZnS0 4 (ci) | ZnS0 4 (c,) | Zn 


Cl 

1.10 


1.10 

0.554 

IBM 

c, 

0.554 



0,139 

(*°) 

Bn 

0.0062 



0 . 0101 



-fZn x Hg | ZnS0 4 .7Hj0 | ZnS0 4 (satd.) | Zn80 4 (c) | Zn x Hg 


t 

c 

E 

| Lit. 

15 

1.198 i 


0.02045 

} (* 3 > 

25 

1.371 


0 . 02444 

Hg | Hg,SO. 

, | ZnS0 4 .7H,0 

1 

ZnSO/satd.) i 

| ZnS0 4 (c) | 


Hg 2 SO t 

1 Hg + 


t 

c 

E 

Lit. 

15 

1.198 


0 . 0057 

} ( 33 > 

25 

1.371 


0 . 00648 


Z11C2O4 

Zn | ZnCj0 4 (ci), K 2 C 2 0 4 (c2) I K 2 C 2 0 4 (c 3 ), ZnC 2 0 4 (c 4 ) | Zn 

c, = 0.004 to 0.014; c 2 = 0.125, 0.25 and 0.5; c 3 = 0.0625 to 
0.25; c 4 = 0.0019 to 0.0144; room tomp. ( 104 j 


Cd(OH) 2 

Cd | Cd(OH),(ci), NH 3 (c 2 ) j NH 3 (c 3 ), CdfOHMc) | Cd 

Ci = 0.0042 and 0.00835; c 2 = 5 and 6.45; c 3 = 2, 3.2, 3 and 


4; 25° ( 22 ) 


CdCl 2 

Cd 4 . 4% Hg I CdClj(m) | AgCl | Ag + 


m 

Ei s ± 1 mv 

| m 

E u ± 1 mv 

6.62 

0.62203 

0 . 0003363 

0.8644 

0.0995 

0.6996 

0.0002144 

0 . 8803 

0.0074 

0 . 76305 

0.0001527 

0.8926 

0.003519 

0.7864 

0.0001269 

0 . 8978 

0.002581 

0 7958 

0.0001137 


0.000924 

0.8296 

0.0001087 

0.9023 

0.000479 

0 . 852 

0.0001029 

0.9060 

0.0003659 

0.8611 

I ( 87 ) 

Cd 1 CdCljfc) 1 AgCl 1 Ag+ ( ,3 

) 

c 

Ei 0 

l! c 

Ei 0 


0.7239 

2.229 

0.6995 

0.525 

0.7225 

3.247 



0.7191 

4.404 


1.006 

0.7123 

5.775 

0.6743 


Cd | CdCl 2 (m) I HgCl | Hg-f (63) 


m 

Eu 

m 

Eu | 

| m 

Eu 

0.00086 

0.9155 

0.0311 

0.8198 

5.035 


0.0031 

0 . 8667 

0.0622 

0.8063 

5.454 


0.0062 

0.8727 

0.0819 

0.8014 

5.909 


0.0086 

0.8485 

0.1556 

0 . 7866 

6.591 


0.0164 

0.8325 

0.3113 

0 . 7752 




+Cd | CdCl,(ci) | CdCl,(c,) | 

Cd (12) 


Ci 

c, 

Ei 0 

Ci 

c, 

Ei 0 

1.097 

0 . 4932 

0.0083 

3.394 

0 . 3399 


1.580 

0 . 5403 

0.0113 

2.464 

0 . 2486 

0.0259 

2.062 

0.4923 

0.0160 

2.052 

0.2100 

0.0244 

2.552 

0 . 5058 

0.0191 

1.596 

0.1623 

0.0244 

3.444 

0.4963 

0.0252 

1.062 

0.1089 

0.0244 

4.144 

0.4942 

0 . 0309 

0.4818 

0 . 04822 

0.0264 

4.798 

0.4871 

0 . 0353 

0 . 2080 

0.02214 

0 . 0275 

4.096 

0.4145 

0.0318 

0 . 0492 

0 . 00563 



Ag | AgCl | CdCl 2 (c) | CdCl,(0.5c) | AgCl | Ag-f 


c 

Ei 0 1 

c 

Ei 0 

0.697 

0 . 00202 

3.251 

0 . 00822 

0.880 

0.00327 

4.667 

0.00782 

1.136 

0 . 00462 

5.59 

0.00642 

1.653 

0.00623 

5.83 

0.00588 

2.426 

0.00782 

(13) 
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CdBr a 

Cd | CdBr 2 (m) | HgBr | Hg-f (®3) 


m 

En 

m 

j #25 j 

m 

E 2 5 

0.0012 

0 . 7624 

| 0.0476 

0.6915 

0 . 4756 

0 . 6452 

0.0029 

0.7507 

0.0732 

0 . 6805 

3.159 

0.6051 

0.0048 

0.0117 

0 . 0293 

0.7368 

0.7202 

0 . 6993 

0.1172 

0.1877 

0.2929 

0 . 6733 
0.6640 
0.6551 

4.192 

0.6000 


0.0014 
0.0055 
0.0139 
0 . 0554 


' CdS0 4 

Cd | CdS0 4 (m) | Hg 2 S0 4 | Hg-j- (63) 



1.1438 

1.1484 

1.1399 

1.1285 


0.1328 

0.1386 

0.2217 

0.5542 


1.1178 
1.1152 
1.1130 
1 . 1033 


1.386 

2.125 

2.656 

3.698 


1 . 0926 
1 . 0809 
1 . 0768 
1.0656 


+Cd | CdSO 4 (0.5c) | Hg,S0 4 | Hg | Hg 2 S0 4 | CdS0 4 (0.05c) | Cd 
E u = 0.020 (105) 


+Cd | CdS0 4 (c,) I CdSO 4 (c 2 ) I Cd 



Hg 2 (NO*)a 

Hg | Hg 2 (N0 3 ) 2 (ci), HNOj(O.lA^) | HNO,(0.1A0, H gl (NO,) 2 (c t ) | 
Hg + 


Ci 

0.1 

0.05 

0.005 

0.0005 

] 

c 2 

0.01 

0.005 

0.0005 

0.00005 

1 

1 

E i g 

0 . 0266 

0.0274 

0 . 0290 

0 . 0304 

J 


CuOH 

Cu | CuOH(d), NH,(c 2 ) | NH,(c,), CuOH (c 4 ) | Ca 
ct = 0.0001 to 0.002; c 2 = 0.37 to 1.76; c, = 0.5 and 0.37; 
c 4 = 0.0002 to 0.001; room temp. (* 6 ) 


CuCl 

Cu | CuCl(c,), KCI(c 2 ) | KCl(ca), CuCl (c 4 ) | Cu 
Ci = 0.0 4 7 to 0.05; c 2 =0.1 to 2.0; ci = 0.05 to 1.0; c 4 = 0.0 4 7 
to 0.05; room temp. (2°» 21 ) 

CuBr, analogue of CuCl above (21) 

CuS0 4 


Hg | Hg 2 S0 4 | CuS0 4 (m,) | Cu,Hg | CuS0 4 (m 2 ) | Hg,SQ 4 [ Hg-f- 


mi 

0.1 

0.5 

0.5 

1 


m, 

0.05 

0.2 

0.1 

1 

1 

[ (143) 

Eu 

0.0089 

0.0105 

0.0190 

J 


Cu 1 CuSC 

) 4 (m) | Hg 2 S0 4 j Hg-f 



E ( ±0.00023) = 0.3928 for m 

= 0.05; 

= 0.4226 for rn = 

0.005 (US); cf, (132)' 






+Cu 1 CuStVc) I CuSO.(ci) 

| Cu 



Ci 

0.01 

0.921 

0.5 


0.05 

Ca 

0.001 

0.277 

0.05 

0.005 

Eu 

0 . 0299 

0.0098 

0.022 (room) 

Lit 

(61) 

(30) 

(105) 


(105) 


Cu(NOj)a 

Cu | Cu(NOj)j(ci) | Cu(NOi)s(10ci) | Cu + 

E — 0.048 for Ci = 0.05; = 0.040 for Ct = 0.005; room temp. 

( 10 #) 

AgCl 

Ag | AgCl(ci), NH,(c) I NHa(ci), AgCl(c 4 ) | Ag 
ci = 0.0,4 to 0.05; c, = 0.1 to 7.5; c, = 0.1 to 5.0; c 4 - 0.0,4 
to 0.05; 17-18° («*) 


Agl 

Ag | Agl(c,), KI(c) | KI(c,), Agl(e«) | Ag 

c, = 0.0,2 to 0.01; c , = 0.33 to 2.0; c, = 0.17 to 2.0; e, - 
0.0 a 16 to 0.005; room temp. ( 18 ) 

AgNO, 

+Ag | AgNO,(satd.) | AgNO, (0.0244c) I Ag 
E = 0.011 (3) 

AgNO, 

+Ag | AgNOa(ci) | AgNOi(ci) I Ag 

I 1 E 2b if Z I 7 t I T* 


( u ) l| (40, 41) 


1.0 

0.1 

0 . 0472 

0.6 

0.1 

0.0312 

1.0 

0.01 

0.1036 

0.1 

0.01 

0.0590 

0.3 

0.03 

0 . 0536 

0.01 

0.001 

0.0618 

0.3 

0.003 

0.1138 




0.1 

0.01 

0.0566 




6.03 

0.003 

0.0601 




0.01 

0.001 

0.0602 





+ Ag 

| AgNOa(c) I NH 4 NO,(10 c) 

1 AgNO»(cj) | 

Ag 

Ci— *c t 

E 25 

0.5— +0. 1 
0 . 0286 

0.1—0.01 
0.0556 | 

0.01—0.001 ) 
0.0579 j 

(40, 41) 

-f Ag | 

AgNO„(c,) | KNOj(satd.) | AgNO,(c,) I Ag 

Ci— ^2 

Eu 

0.5— 0.1 
0.0290 

0.1-0.01 1 
0.0555 / 1 

41 ) 


Ag I AgNOa(c), NHa(ca) | NH,(c,) f AgNO,(c 4 ) | Ag 
Ci = 0.0 a 4 to 0.05; c, =0.1 to 7.5; c, = 0.1 to 2.5; c 4 = 0.0 4 4 
to 0.05; room temp. (1®) 


-f-Ag | AgNO, (ci), KNO,(2c) | KNO,(2 c), AgNO,( C> ) | Ag 


Cl 

0.20 

0.10 

0.05 

0.025 

“1 

Cl 

0.10 

0.05 

0.025 

0.0125 

| (*•) 

E w 

0.01781 

0.01762 

0.01783 

0.01749 


AgCN; v. KAg(CN) t H 


AgCNS 

Ag | AgCNS(c), KCNS(c) | KCNS(c), AgCNS(c 4 ) | Ag 
Ci = 0.0,2 to 0.1; c, and c, =0.1 to 2.0; c 4 = 0.0,25 to 0.025; 


room temp. ( ,7 » 18 ) 

MgCla 

Hg | HgCl | MgCl,(c,) | MgCl,(c,) | HgCl | Hg+ (5®) 


Cl 

C, 

Ei$ 

1 Ci 

1 Ca 

E 18 

2.0 

1.75 

0.0019 

0.5 

0.1 

0.0199 

1.75 

1.5 

0.0025 

0.1 

0.01 

0.0290 

1.5 

1.0 

0 . 0057 

0.01 

0.001 

0.0346 

1.0 

0.5 

0.0104 

0.001 

0.0001 

0.0358 


Ag | AgCl j MgCl ,(c,), MgS0 4 (2N) | MgS0 4 (2N), MgCl,(c,) 

AgCl | Ag+ 


10’c, 

■ » 

200.05 

20.05 

2.049 

1 

10 a c 2 

20.05 

2 049 

0.250 

( i ») 

E,o 

0 . 0562 

0 . 0573 

0.0524 




CaCl, 

Ag | AgCl | CaCl.(m) | Ca.Hg | CaCl, (0.01m) | AgCl | Ag+ ( 1>4 ) 


m 

Eu 

m 

Eu 

m 

r Eu 

0.0350 

0.0411 

0.4655 

0.1335 

1.606 

0.2105 

0 . 0629 

0.0606 

0.6622 

0.1543 

1.960 

0.2313 

0.1032 

0.0772 

0.9608 

0.1750 

3.167 

0.2856 

0.2066 

0.3713 

0.1014 

0.1235 

1.003 

0.1773 

3.502 

0.3005 


CONCENTRATION CELLS: 29-5 TO 81-1 


Ml 


CaClt. — ( Continued ) 

Ag | AgCl | CaCU(m) 1 CaCl, (0.01m) [ AgCl [ Ag+ (*»*) 


m 

E u 

m 

E u | 

m 

E» 

0.0155 

0.0060 

0 . 0805 

0 . 0284 

1.013 

0.0626 

0.0201 

0.0097 

0.1612 

0 . 0368 

1.600 

0.0716 

0 . 0395 

0.0190 

0.3208 

. 0.0460 

2.586 

0.0836 

0.0497 

0.C220 

0.6162 

0 . 0549 




SrClj 

Ag | AgCl | SrCli(m) | Sr x Hg | SrCl 9 (0.01m) J AgCl | Ag + 

(T24) 


m 

Eu 

m 

Eu | 

m 

Eu 

0.0291 


IlfukW:! 

0.1170 


0.2030 

0.0900 


WESt 

0.1612 


0.2356 

0.1167 

0 . 0798 

KSS9 

0.1767 

BUfl 


Ag | AgCl | SrCl 2 (m) | SrCl 2 (0.01m) | 

AgCl | Ag+ (>2«) 

m 

Eu 

1 m 

E u l| m 

Eu 

0.0158 

0.0064 

0.1466 

0.0356 


0.0721 

0 . 0320 

0.0157 

0.3168 

0.0453 

2.954 

0.0818 

0.0456 

0.0208 

0 . 6246 

0.0540 



0 . 0792 

0.0277 

1 . 269 

0 . 0642 




BaCl 2 

Ag | AgCl | BaClj(m) | Ba x Hg | BaCl,(m 0 ) | AgCl | Ag + 

m 0 = 0.01 (124) 


m 

E u 1 

m 

Eu 

m 

Eu 

0.0302 

0.0355 

0.2978 

0 . 1092 

1.521 

0.1718 

0.1004 

0.0742 

0.9710 

0.1532 

mmm 

0.1771 


( 151 ) 


m Q 

m 

Eu 1 

m 0 

m 

Eu 

0.003 

0.03 

0.0756 

0.01 

0.1 

0.0744 

0.005 

0.05 

0.0753 

0.03 

0.3 

0.0739 

0.003 

0.1 

0.1142 

0.1 

1 

0 . 0766 

0.005 

0.1 

0.0965 

0.3 

1.256 

0.0686 

Ag 

| AgCl, BaCl 2 (m) | BaCl 2 (m 0 ) | 

m„ = 0.01; 25° (124) 

AgCl | Ag-f 

m 

Eu 

m 

Eu 

m 

Eu 

0.0192 

0.00927 

0 . 2426 

0 . 0428 


0 . 0599 

0.0381 

0.0185 

0.3927 

0.0491 

WWfpM 

0.0687 

0.0798 

0.1719 

0.0280 

0.0394 

0.5971 

0 . 0547 

1.715 

0.0713 



+Hg | HgCI 1 BaCl,(c,) I BaCli(ct) | HgCl 1 Hg (<«) 


Cl 

E io, c t — 
0.1 

* ' 

E jo, c 2 = 
0.G5 

* - ■ 

Eto, Ct = 
0.02 

^ ^ v 

Ei o, Ca ** 
0.01 

ElOy Ct ~ 

0.005 

0.05 

0.0095 





0.02 

0.0209 

0.0117 




0.01 

0.0324 

0.0229 

0.0091 



0.005 

0.0436 

0.0355 

0.0209 

0.0107 


0.002 

0.0613 

0.0475 

0.0350 

0.0233 

0.0150 

0.001 

0.0716 

0.0578 

0.0706 

0.0356 

0 . 0248 


-j- Ba ‘%Hg | BaCli(c,) | KCl(2A r ) | BaCl,(0.005c) | Ba,%Hg 


0.01 

0.02 

0.0505 

0.103 

0.0071 

0.0147 

0.0263 

0.0342 


Ag | AgCl | BaCli(0.5c) | Bu.Hg | BaCl,(0.1A0, eucroec(y) | AgCl 

Ag + 

x - 0.1 and 0.01%, y = 40% and 60% by vol. of solution; 

25° ( 38 ) 

BaBr 2 

(A) Ag | AgBr | BaBra(m) | Ba x Hg | BaBr 2 (mo) | AgBr | Ag-f 
(B) Ag | AgBr | BaBr 2 (m) I BaBr 9 (m 0 ) | AgBr | Ag-f ( 60 ) 


7H o 

m 

(A) Eu 

(B) Eu 

0.003 


0.0774 

0 . 0339 

0.005 


0.0764 

0.0332 

0.010 

0.050 

0 . 0527 

0.0227 

0.010 

0.100 

0.0744 

0.0322 

0.030 

0.100 

0.0390 

0.0164 

0.030 

0.300 

0.0759 

0.0313 

0.050 

0.500 

0.0782 

0.0314 

0.100 

1.000 

0.0822 

0.0319 

-f Hg | HgBr | BaBr 2 (c0 | 

BaBr 2 (c 2 ) | HgBr | Hg (<«) 



E 20) 

Ei o, 

Eio, 

Eto, 

Eio, 

Eto , 

Ci 

Cl ■= 

c 2 = 

Ct = 

Ct « 

Ct = 

Ct = 


0.1 

0.05 

0.02 

0.01 

0.005 

0.002 

0.05 

0.0095 






0.02 

0.0238 

0.0133 





0.01 

0 . 0325 

0 . 0220 

0.0104 




0.005 

0.0414 

0.0340 

0.0213 

0 . 0093 



0.002 

0 . 0582 

0 . 0486 

0 . 0342 

0 . 0233 

0.0120 


0.001 

0.0707 

0 . 0627 

0.0509 

0 . 0398 

0.0272 1 

0.0126 


-fBa 1% Hg | BaBr 3 (c) | KC1(2N) | BaBr 2 (0.01 N) | Ba l% Hg 


c 

0.0201 

0 . 0505 

0.103 

ii 

Eto 

0.0084 

0.0169 

0 . 0259 

1 


( 46 ) 


H, | LiOH(m) | Li x Hg | LiOH(m 0 ) | H, -f ( 86 ) 


m 

m 0 

Eu 

m 

tn o 

Eu 

0.0505 

0.0101 

0.0761 

0.553 

0.1006 


0.1008 

0.0101 

0.1088 

0.611 

0.1011 


0.1038 

0.0103 

0.1084 

1.063 

0.1006 


0.0978 

0.0235 

0.0669 

1.812 

0.0997 


0.242 

0.1013 

0.0396 

2.386 

0.1043 

0.1412 

0 346 

0.0993 

0.0566 

2.577 

0.1051 

0 1438 

0.432 

0.0993 

0.0664 

3.926 

0.1051 

0.1651 


H, | LiOH, LiCl | Li x Hg | LiOH | H, + 


LiOH 

LiCl 

< 

Lit. 

m * 0.01 

m = 0 . 0 to 8 . 36 

25 

(86) 

m ** 0.1 

m = 0.0 to 8.48 

25 

(86) 


LiCl 


mi 

m. 

Eu l 

mi 

m 2 

3.0 

0.3 

0.14170 



1.0 

0.1 . 

0.11650 



0.3 

0.1 

0.05370 



0.3 

0.03 

0.11117 


( 13 °) 


E 


U 


0.11055 

0.11275 

0.1139 


Ag | AgCl | LiCl (mi) | LiCl(m*) | AgCl I Ag + 


mi 


rrh 


E 


m i 


m* 


3.0 

0.3 

0 . 03957 

1.0 

0.1 

0.03543 

0.3 

0.1 

0.01642 

0.3 

0.03 

0.03521 


* 
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LiCl. — ( Continued ) 


Ag | AgCl | LiCl(d), LiN0 3 (c 2 ) | LiN0 3 (c 2 ), LiCl(0.002c) | AgCl | 

Ag -f 

Values of E, 8 (> 57 ) 



Li 2 S0 4 


Hg [ Hg z SO, 1 Li a SO,(m) | LUHg | Li : SO, (0.05m) | Hg 2 SO, | Hg + (?) 


m 

Em 

m 

Eis 

' 1 u • ■ 

I m 

i — o » \ / 

Eu 

0.025 

0.125 

0.249 

-0.0205 

0.0274 

0.0481 

0.495 

0.979 

4 

0 . 0684 
0.0890 

1.447 

1.903 

0.1041 

0.1143 


NaOH 


H, [.NaOH(m) | Na,Hg | NaOH(m 0 ) | H, + (?5) 


Ttl 

... Wo 

E 2b 

fn 

m n 

Eu 

0.01011 

0 . 00530 

0.0315 

0 . 3975 

0.00995 

0.1762 

0 . 0202 

0.01001 

0 . 0338 

0.807 

0.01006 

0.2103 

0 . 0526 

0.01000 

0.0795 

1.020 

0.01016 

0.2221 

0.1047 

0 . 00998 

0.1116 

1.517 

0.01003 

0 . 2459 

0.1081 

0 . 00984 

0.1142 

2.024 

0.01014 

0.2630 

0.1934 

0 . 00997 

0.1416 

3.100 

0.01012 

0 . 2926 


H» I NaOH, NaX | Na*Hg | NaOH | H, + 


NaOH 

r NaX 

• ■ * 

t 

Lit. 


NaCl, m = 0 to 3.1 

25 

( 76 ) 

m = 0.1 ! 

NaBr, m = 0 to 3. 1 

25 

( 84 ) 


NaOH 

n Na 2 S0 4 

• — 

t 

Lit. 

m =0.01 and J). 1 

■miEXSEX’M 

25 

( 7 ) 


Hg | HgO | NaOH (0.235c) | NaOH(0.03c) | HgO | Hg + 
E, , = 0.0178 (><i) 

NaCl 

Na, ,„ % Hg | NaClyc) | HgCl | Hg+ (•) 


Cl 

c*. . 

Em 


c 

m 

5.41 

6.12 


3.196 


1.022 


0.5034 

0.1 

0.1003 

0.02 

0.02003 

0.01 

0.01001 


E is 

2."0281 
2 . 0770 
2.1398 
2.1724 
2.2466 
2.2306 
2.3520 


E u 
2.0283 
2.0784 
2.1430 
2.1769 
2.2527 
2 . 3267 
2 . 3585 


Ag 1 AgCl 1 NaCl(c) | NaCl (0.001674c) j AgCl | Ag + 


0 . 03344 

0.01673; 

0.01117 

0.008364 

0.006686 

m 

0.05614 

0.04360 

0.03608 

0 . 03073 

0 . 02652 


Ag 1 AgCl | NaCl (ci) | NaCl (c 2 ) | AgCl | Ag + 


0.04972 

0 . 03973 

0 . 02985 

0.01985 

| 


0.01984 

0.01984 

0 . 009909 

0.009909 

1 

• ( 93 ) 

0.01648 

0.01232 ' 

0.02019 

0.01257 

1 


Hg | HgCl | NaCl (ci) I NaCl(c 2 ) | HgCl | Hg + 

0.1 


0.3 

0.5 

1 

2 

mmm 

0.01991 

0.02912 

0.04202 

0.05611 



( 73 ) 



1 0 

0.1 

0.0831 


* 6.12 satd. < _ 

\ &v> 

0.0413 

IBB 


Ag | AgCl | NaCl(c), NaNO*(2c) | NaNO,(2c), NaCl(*) | AgCl | 

Ag + 


Cl j 

c 2 

Et o | 

I Tit. 

0.1001 

0.01011 

0.01011 

0 001110 

0.05776 

0.05591 

} (*•) 


NaBr 

Ag j AgBr 1 NaBr(m) | Na x Hg | NaBr(O.lm) | AgBr| Ag 4 (•>) 


m 

Ev> 

m 

Eu 

l » 

1 eT~ 

0.03 

-0.0572 

0.5 

0 . 0773 

2 

0.1508 

0.05 

-0.0327 

1 

0.1123 

2.5 

0.1659 

0.3 

0 . 0524 

1.5 

0.1345 

3 

0.1779 


Hg | HgBr | NaBr(0.125c) | NaBr(0.0125c) | HgBr | Hg 4 


E i» = 0.0417 (»4I) . x 

Nal 

Ag | Agl | Nal(m) | Na,Hg | Nal(O.lm) | Agl | Ag 4 f 11 ) 


m 

Eu 

m 

Eu 

m 

Eu 

0.03 

0.3 

-0.0572 

0 . 0537 

0.5 

0 . 0786 

1 

0.1147 


NttSOj 

Hg | H g) SO, | Na,SO,(m) | Na.Hg | Na, 80, (0.05m) | Hg,SO, | Hg + 

( 7 ) 


m 

Eu 

m 

Eu 

1 m 

Eu 

0.025 

0.125 

0.249 

-0.0202 

0.0255 

0 . 0452 

0.495 

0.975 

0.0634 

0.0809 

1.438 

1.882 

0.0909 

0.0961 


KOH 

H, | KOH(c,) | K.Hg | KOH(ci) | H, + (»») 


Cl 

■ » ■ 

Cj 

' 1 — o 

. Eu 

i * 

Ci 

1 Cl 

Eu 

3.000 

0.2915 

0.1416 

0.300 

0.0299 

0.1110 

2.955 

0.2963 

0.1395. 

0.0992 

0.00989 

0.1110 

0.992 

0.0996 

0.1172 

0.0996 

0.00984 

0.1110 

0.995 

0.0992 

0.1170 

0.0288 

0.00286 

0.1120 

0.992 

0.0996 

0.1169 

0.0299 

0.00293 

0.1130 

0.300 

0.0998 

0.05361 

0.0100 

0.000991 

0.1147 

0.300 

0.1000 

0 . 05345 

0.0100 

0.001000 

0.1149 

0 . 2963 

0 . 0282 

0.1138 






H, | KOH(m,) | KOH(m,) | H, + ( ,0 °) 


mi 

m 2 

| Eu 

mi 

m s 

3.0 

0.3 

0.03683 

0.3 

0.03 

1.0 

0.1 

0.03104 

0.1 

0.01 

0.3 

0.1 

0.01424 




E u 

0.02916 

0.03466 


H, | KOH, K,SO, | K.Hg | KOH | H, + ( 7 ) 
KOH, m - 0.01 and 0.1; K.SO,, c - 0.0 to 0.626; 26°C 
H, | KOH, KX | K.Hg | K OH [ H, + 

on 


KOH 


KX 



KC1, m - 0.0 to 3.1 
KBr, m = 0.0 to 3.1 
KI. m = 0.0 to 3.1 



( 


KC1 

AgCl | KCl(c,) | K,Hg 


Ci | 

Ct 1 

X 

1 En I 

i <=> 

1 c* 

0.5 



0.10735 

' ■ ■ /' ■ 


uEm 



0.10745 






0.10885 

to 



KCl(cj) | AgCl I Ag+ ( f,l 2 

~ ~z I En 

0.002 10.10900 
0.004 0.11085 
0.002 0.11085 
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ID. — (Continued) 

Ag | AgCl | KCl(ci) | KCl(c) | AgCl [ Ag + (»») 


Cl 

c* 

Eh Ci 

c, 

E x% 

0.03347 

0.003347 

0.05403 

0.01669 

0.001670 

0 . 05424 

0.01669 

0.003347 

0.03806 

0.01114 

0.001670 

0 . 04497 

0.01117 

0.003347 

0.02856 

0.008329 

0.001670 

0.03844 

0.008350 

0.003347 

0.02175 x 

0.006700 

0.001670 

0 . 03330 

0.006696 

0.03349 

0.003347 

0.001670 

0.01643 

0 . 07028 

0 . 005569 

0.001670 

0.02895 


Ci 

Cf 

E u ( l31 ) 

Ci " 

c* 

Eu (» 3 ) 

0.5 

0.05 

0.95357 

0 . 04985 

0.01969 

0.02106 

0.1 

0.01 

0.05400 

0 . 03995 

0.01969 

0.01644 

0.05 

0.005 . 

0 . 05473 

0.03000 

0 . 009924 

0 . 02546 

0.01 

0.001 

0.0560 

0.01992 

0.009924 

0.01614 


Ag | AgCl | KCKeatd.) | KC1 (0.2775c) | AgCl | Ag + 


t, °C. . 

mrm 

14.2 

30.1 

45.2 

60.2 

76.0 

90.3 

m 

E 

1 0 . 0562] 

0.0637 

0.0712 

0 . 0782 

0.0850 

0.09.17 

0.0968 


Hg | HgCl | KCl(ci) | KCl(O.lc) | HgCl | Hg + ( 72 ); cf. ( 62 ). 


Cl 

Eu 

Ci 

Eu 

0.160 

0.01044 

0.700 

0.04443 

0.200 

0.01536 

1.000 

0 . 05287 

0.220 

0.01802 

1.300 

0.05910 


0 . 02475 

1.900 

0.06843 

0.340 

0.02785 

2.500 

0.07572 

0.500 

0.03637 

3.100 

0.08165 


Ag | AgCl | KCl(O.fic) | K.Hg | KCl(O.lc), sucrose(C) | AgCl | Ag-f 


C, g/100 cm* 

Eu («) 

C, g/100 cm 3 

E u ( 38 ) 

0 

0.0740 

40 

0.0600 

10 

0.0706 

50 

0.0556 

20 

0.0674 

60 

0.0510 

30 

0.0642 

70 

0 . 0455 


Ag | AgCl | KCl(0.6c) | KCl(O.lc), sucrofle(C) | AgCl | Ag + 
Ag | AgCl | KCl(0.5c), BucroBe(C) \ KCl(O.lc) | AgCl | Ag-f 

First cell (**) || Second cell ( 3 ») 


C* 

Eu 

Wim 

Eu 

9 

C • 

Eu 

C* i 

Eu 



40 

0.0300 

0 

0.0368 

40 

0.0435 



50 

0.0281 

10 

0.0384 

50 

0.0454 



60 

0.0261 

20 

0.0401 

60 

0.0474 


0.031*1 

70 

0.0240 

30 

0.0418 

70 

0.0496 


• f/100 om». 


KBr 


Ag | AgBr | KBr(m) | K,Hg | KBr(O.lm) | AgBr | Ag-f (**) 


m 

Eu 

m 

Eu 

m 

Eu 

0.05 

—0.0324 

1 ! 

0.1068 

2 

0 1410 


0.0513 

0.0746 

1.5 

0.1266 

2,5 

0.1531 


K.Hg | KBr(c) | AgBr | Ag -f (152) 
c = 0.001 to 2.5; 25, 30, 35°C 
Ag | AgBr | KBr(mi) | KBr(ra 2 ) | AgBr | Ag -f ( I52 ) 
m, = 0.01 to 2.8; m 2 = 0.001 to 0.25; 25, 30, 35°C 


-f Hg 

1 HgBr 1 

KBr(c) | KBr(c) | HgBr | Hg 

( 4S ) 

Ci 

C 2 

E is 

Ci 

Ci 

Eu 

0 . 00202 

0.00996 

0.0391 

0.00996 

0 . 02004 

0.0161 

0 . 00202 

0 . 02004 

0 . 0569 

0.00996 

0.4004 

0.0851 

0 . 00202 

0 . 04004 

0.0717 

. 0.02004 

0.4004 

0.0161 

0.00202 

0.1204 

0.0971 

0 . 04004 

0.1204 

0.0251 

0 . 00202 

0.4004 

0.1242 

0.1204 

0 . 4004 

0 . 0272 

Ag | Agl | KI(m) 

KI 

| K*Hg | KI(0.1m) 

| Agl | Ag+ (8i) 

m 

Eu | 

1 m 

Eu 

m 

2? 25 

mm 

0 . 0522 

1 

0 . 1092 

2 

0.1447 


0 . 0758 






Ag | Agl | KI(cO | KI(ci) | Agl | Ag4- 


Ci | 

Cj 

E 

f~ Lit. 

0.1 


0.01 

0.0536 

I 

[ O 09 ) 

0.01 


0.001 

0.0552 

1 

Ag | Agl | KI(ci) in H,0 | KI(0.001c) in C 2 H 6 OH 

| Agl | Ag (I®*) 

Ci 


Eu 

Cl 

1 Eu 

0.001 


0.080 

0.02 

±0.000 

0.0025 


0.049 

0.04 

-0.016 

0.005 


0.034 

0.06 

-0.027 

0.0075 


0.025 

0.08 


0.01 


0.017 

0.10 



KjS 0 4 

Hg | Hg,S0 4 1 K 2 S0 4 (m) | K,Hg | KtS0 4 (0.05m) | Hg 2 S0 4 1 Hg-f ( 7 ) 


m 

Eu 

m 

Eu 

m 

2? 25 

0.025 

0.125 

-0.0198 

0.0241 

0.248 

0.494 

0.0420 

0.0601 

0.621 

V 

0 . 0654 


KAg(CN), 

Ag | KAg(CN)j(ci), KCN(cj) | KCN(c) | KAg(CN ) 3 (c 4 ) | Ag 
ci * 0.0*5 to 0.05; c* and c* = 0.02 to 1.0; c 4 = 0.0,25 to 
0.025; room temp. ( 18 ) 


AgCl | KQKci), KNO*(ca) | KNO,(c,), KCl(0.002c) 

Ag-f 

Values of Eu (!•*, i#») 


Cl 



0.005 

0.01 

0.02 

0.04 


0 . 0392 

0.0401 

0.0391 

0.0392 



0.0673 

0.0667 

0.0559 



0.0724 

0.0723 

0 0725 



Solvent 

NH, 

CH,OH 

CH,OH 

CH,OH + H,0.. 
CH,OH +H,0.. 
CH,OH + H,0.. 
CH,OH 

C,H*OH 


C 2 H*OH 

C 2 H 6 OH 

C,H,OH 

C,H*OH 


Non-Aqueous Solutions 


Electrolyte 

t 

| Lit. 

Na 

-33 

(102) 

HC1 

25 

(14S) 

AgNO, 

25 

(64) 

AgNO, 

0 and 25 

(149) 

NaOH 

18 

(179) 

KC1 

10 to 40 

(26) 

KBr 

10 to 40 

(26) 

HC1 

25 

(42, 70,82, 
83, 106) 

(") 

AgNO, 

25 

LiCl 

25 

(49) 

NaOC 2 H ( 

25 

(«) 

NaBr 

25 

(49) 
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Non-Aqueous Solutions. — {Continued) 


Solvent 

Electrolyte 

% 1 

t 

Lit. 

C t H*OH + HaO 

HC1 

25 

(**. **) 

C.HjOH -f H,0 

AgNO* 

40 

(105) 

CaHiOH 4- H a O 

AgNO, 

0 and 25 

(148) 

CaHjOH 4" HaO 

KC1 

10 to 40 

(26) 

C,H 4 OH 4- HaO 

KBr 

10 to 40 

(25) 

C,H 4 OH 4- CH.OH 

AgNOa 

0 and 25 

(148) 

(CH 3 )aCO 

AgNO, 

26 

(84) 

C,H 8 0, 4- HaO 

HC1 

25 

(125, 126) 

CaHsN 

AgNO, 

25 

(64, 160) 

C 6 H 6 N 4- H,0 

AgNO, 

25 

(158) 

CfH 6 N 4- CHjOH 

AgNO, 

25 

(158) 

CaHsN 4- CaHiOH 

AgNO, 

25 

(138) 

CbHjNHa 

AgNO, 

25 

(64) 

NaNO, 

AgNO, 

400 

(68) 


II. CELLS WITH SALT BRIDGES 

The calomel electrode is the reference electrode except as otherwise 

indicated; Ac = CH»COO, the acetate radical 

Aqueous Solutions 


Cations, standard arrangement; v. Vol. 

III, p. viii 

Solutes J | 

«.* c 1 

Lit. 

H + (or OH”), H a electrode 


HF 

25 

(1S4) 

HC1 

25 

(165) 

HC1( 4-glycerol) 

25 

(36) 

HCl(4-sucro8e) 

25, 35 

(39, 137, 166) 

HCl(4-HAc) 

25 

(116) 

HC1( 4-salts) 

20, 25 

(3, 23, 65, 71, 74, 



78, 60, 135) 

HCKKHCO, 4- K,CO, 4- KC1) 

25 

(181) 

HC10 4 

25 

(170) 

HBr(4-8alt8) 

16-18 

(9, 153) 

H a S0 4 ( 4-sucrose) 

20, 40 

(94) 

HaS0 4 (4-salts) 

19 

( 5 « 7 ) 

HNO,( 4-salts) 

19 

( 5 ) 

HAc(4-NaAc) 

18 

(35, 182, 183) 

HAc(4-NaAc 4- NaCl 4- HC1) 

18 

(183) 

HAc(4-salts) 

16 

(161) 

H Ac (4-sucrose) 

35 

(52, 116) 

Palmitic acid 4- NaOH 4- NaCl 

90 

(129) 

Na soaps 

90 

(129) 

K soaps 

90 

(129) 

NaOH 

30 

(58, 123) 

NaOH ( 4-glycerol) 

25 

(36) 

NaOH( 4*8ucrose) 

35 

(52) 

NaOH( 4-salts) 

25 

(71,78) 

KOH (4-salts) 

25 

(71,78) 

KH,P0 4 4- K,HP0 4 

25 

( 34 ) 

H + (or OH”), Quinhydrone electrode 

HC1(4-KC1). 

18 

(168, 169) 

HCl(4-MgS0 4 ) 

18 

(169) 

CHClaCO,H 

18 

(169) 

(4-MgS0 4 ) 

18 

(169) 

( -4“CCliHCX)jNft) 

18 

(169) 

(4-KCl) 

J18 

(169) 


Ba(OH), 

Sn(NOi) 


H+(or OH“), Ag i AgtO electrode 

| 25 | (*) 

Sn +> , Sn electrode 

25 !(>••) 


n. CELLS WITH SALT BRIDGES. — {Continued) 


Solutes 


t, °C 


Lit. 


Pb(C10,),* 

Pb(NO*) t *. 


Pb ++ , Pb electrode 

25 
25 


PbAci 


InCl, 


TlOH 

T1C1 

TlCl(satd.) 
TlCl(satd.) 
TlaS0 4 .... 
TINOj .... 


ZnCl,(4-KCl).... 

ZnS0 4 

ZnSO 4 (0.5N) 

ZnS0 4 ( -j-NajSOO 
ZnAcj(-f NaAc). . 
Zn(CN),(-bKCN) 


CdClj 

CdS0 4 ( 4-NajS0 4 ) 
CdAc»(-}-NaAc) . . 


25 

In +++ , In electrode 

I 25 

Tl + , T1 electrode 

25 
25 
0, 25 
25 1 
25 

17, 25 

Zn ++ , Zn electrode 

Room 

25 

15-25 1 
Room 
Room 
18 

Cd ++ , Cd electrode 

Room 
Room 
25 

Hg+ + , Hg electrode 

25 


25 

25 

25 

25 


HgBrj. . ... s'. 

figI,(+KI) 

HgS(-hNa^) 

Hg(NOa)i( -fKNOa) 

Hg(CN),(+KCN 4- KOH) 

Cu ++ , Cu electrode 

CuS0 4 (4-Na,S0 4 ) *. I Room 

CuS0 4 (-fKN0.) 

Cu(NOi)i(+KNOi) 

CuAca(+NaAc) 

Cu(CN)a(+KCN) 

Ag+, Ag electrode 

AgCl(+KCl) 25§1 

AgCl(+NaCl) 25}/ 

AgI(+KI) Ro° m 

AgtSO.C + MgSO.) 

AgNO,(+KNO,) 

AgNO f . 


Room 

Room 

Room 

18 


20 || 

25 

17 

25 

80 

20 || 

17 

Room§ 

Room§ 

25 


AgNOi( -f KNOi) 

AgAc 

AgSCN ( +KSCN) 

KAg(CN)a( 4-KCN) , 

AgaCO,(-fKHCO, +K,CO, f KC1)| 

Co‘ M ', Co electrode 

CoCla(+KCl) I Koora 

CoS0 4 ( + NatS0 4 ) I Room 

Ni ++ , Ni electrode 

20 

Room 

C&++, Ca.Hg electrode 

21 


<n i) 

(.0, II, »0, 111, 
II.) , 

(10.) 

(17.) 


(«) 

(*) 

(..) 

(114) 

(*) 

(*• *•) 

(108) 

(».) 

(»•) 

(105) 

( 10 .) 

(175) 

(105) 

(105) 

(. 0 ) 

( 171 , 1 75 ) 
(171, 175) 
( 101 ) 

(») 

(145) 


(105) 

( 58 ) 

(105) 

(105) 

(175) 


NiCli. 

NiS0 4 


CaClj 

Calf. 


21 


( 55 ) 

(17,15) 

(*•) 

( 3 ) 

(25) 

(167) 

( 111 ) 

(*•) 

(25) 

(17, IS) 

(17, IS) 

(!•*) 

(106) 

(106) 

(1^1) 

(iVi) 

(« T ) 

(« T ) 
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IL CELLS WITH SALT BRIDGES. — (Continued) 


Solutes 

1 t, 0 c 

Lit. 

Li+, Li amalgam electrode 


LiCl 

22 

( 4 .) 

LiCIO* 

22 

(«) 

LijSO* . . . v : 1 

23 

( 48 ) 

Na + , Na amalgam electrode 


Na^0 4 

18 

( 48 ) 


Anions 


Solutes 

t } °C 

Ref. electrode 

Lit. 

X", Ag | AgX electrode (X «* halogen) 


HCl(-f sucrose) 

25 

Ag | AgCl 

(38) 

AlBr, 

25 

Ag | AgNO.(O.lN) 

(.8) 

KI 

25 

Hg | HgCl 

(108) 

KBr 

25 

Ag | AgBr 

(48) 

1“ Ij electrode 


KI 

25 

Hg | HgCl 

(98) 

KI -f I, 

25 

Hg | HgCl 

(134) 

Cdl, -f- I, 

25. 

I., KI 

(180) 

1“ Pb | Pbl, 

electrode 


KI 

25 

1 Hg | HgCl 

| (> ,S ) 

IOi", Ag | Agio* electrode 


KIOj l 

25, 00 

Ag | AgNO, 

| ( ,8 ‘) 

co,-, 

Ag | Ag,CO, electrode 


Na,CO, 

25 

Hg | HgCl 

1 ( ,74 ) 

c,o 4 , 

Ag | Ag,C,0 4 electrode 


KtCjO, 

25 

Hg | HgCl 

(187) 

khc,o 4 

25 

Hg | HgCl 

(187) 

KH,(C a 0 4 ) a 

25 

Hg | HgCl 

(187) 


Molecules 
Cl,, Cl, electrode 

Cl, at various concentrations in 0.5N HC1 against 0.1 AT calomel 
electrode ( 177 ). 

* Also -f the corresponding alkali metal salts, 
t T1 | T1N0», ref. electrode 
t Hg | HgtSOt, ref. electrode. 

I! Ag AgCl, ref. electrode. 

I Ag AgNO*, ref. electrode. 

Non- Aqueous Solutions 
Reference electrode, Hg | HgCl 
H + , H, electrode 

HC1(+KC1) at 25° in C,H,OH (and + H,0) (l«, **8). 

Ag + , Ag electrode 

AgNO, at 25° in mixtures of H a O with CH,OH, C,H,OH, and 
pyridine and in CH,OH + pyridine, and C,H,OH + pyridine 

( 138 , 149 ). 
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POTENTIALS OF ELECTROCHEMICAL REACTIONS 

Roscoe H. Gerke 


The potential, E , of an electrochemical reaction is given by 

„ _ r 0.05915 f (A P )* 

E-E<- lo gl0 ^ 

where N is the number of faradays of electricity in the equation of 
the reaction; A P , resp. A R} the activities of the products (resp. 
reactants) and x and y the corresponding coefficients in the elec- 
trochemical equation. In the following tables are recorded the 
values of E for the following conditions: 

All molecular and ion species whose concentrations are not 
fixed by the nature of the phases present as shown by the reaction 
given are at the concentration at which their molal activities are 
unity ( i.e ., ‘activity molal”), the activity coefficients being those 
given by Lewis and Randall (43) ; except for HC1, for which v. (M). 
All gases are present at p = 1 A n . For further details, v. (23). 

In all cases the electrochemical reaction tends to take place from 
left to right as written, when opposed to an “ activity-molal ” hydro- 
gen electrode. The increase in free energy, A F, attending the re- 
action is given by A F = -NFE where F is the value of the faraday. 

The electromotive force of a cell composed of two electrodes 

with liquid junction potentials eliminated is equal to the difference 

between the potentials for electrochemical reactions of the same 

pole sign and is equal to the sum of the potentials for reactions of 
different pole signs. 

Potentials of Electrochemical Reactions at 25°C 

1. The electrode which is in equilibrium with respect to the elec- 
trochemical reaction is charged negatively (i.e., pole sign is -). 



Li (s) . 

Rb(s) 

K(s) = 

Ca(s) 

Na(s) 

BaHg 


Li + +e 
« Rb + -he.. 
K + -he.... 
Ca++ -h 2e. 
! Na + -he.. 
= Ba ++ -f 2e 


NaHg -f (Cl" in NaClsatd.) = NaCl(s) -he 
SrHg = Sr ++ + 2e 

AlHg -f 30H" - Al(OH),(s) + 3e. ’ ! 

Zn (s) -f 20H- « ZnO(s) + H 2 0(1).. 

*H,(g) -h OH- = H,0(1) -he 

ZnHg -h (S0 4 in ZnS0 4 .7H a 0 satd.) = 

ZnS0«.7H,0(8) -h 2e 

Tl(s) + I- - TU(s) -he 

CdHg -f 20H- = Cd (OH)j(s) + 2e 

Zn(s) = Zn ++ -h 2e 

CdHg -h 20H- = CdO(s) -h H a O(l) -h 2e. 

TIHg + Br“ = TlBr(s) -he 

Pb(s) -h 20H” = PbO(s red ) + HjO(l) -h 2e 
Pb(s) + 20H- * PbO(s) -h HjO(l) + 2e. . 
Pb(s) -h 20H- - PbO(8y ^ow) -h H 2 0(1) + 
2e 

PbHg -h 20H" = Pb(OH),(s) -h 2e. . . . 

Cr(s) =» Cr** -h 2e 

TIHg -h Ct~ = TlCl(s) -he 

CdHg -h (2I“m Cdl,satd.) = Cdl 3 (s) -h 2e 

Fe(s) = Fe ++ -h 2e 

TIHg + SOT" - Tl*S0 4 (s) + 2e 

CdHg -h (SO7- in CdS0 4 .|HjO satd.) = 
CdS0 4 .fH*0(s) -h 2e 


2.9595 

2.9259 

2.924i 

2 763 

2.714« 

1 . 570o 

1.837s 

1.7932 

I.62 

1.248s 

0.829s 

.7993 

.7715 

.76i 

.761s 

.726 

.605s 

.5786 

.576 

.575 

.568 

.557 

.5545 

458s 

.44i 

.4360 


( 43 ) 

( 43 ) 

( 43 ) 

( 18 ) 

( 43 ) 

( ,4 ) 

( 43 ) 

(» 4 ) 

( 34 ) 

(.4) 

( 4J ) 

( 7J ) 

(* 7 ) 

( 47 ) 

( 4J ) 

( 47 ) 

(«) 

(«. T4) 

(**) 

( 4 ) 

( I4 ) 

( 38 ) 

(**) 
( 58 , 77 ) 

( 4I ) 

( 33 ) 


Reaction 


Volt 


CdHg + (2Br“ in CdBr,.4H,0 satd.) = 
CdBrj.4H 2 0(s) + 2e 

CdHg + (2C1~ in CdCl, satd.) = CdCl,(s) 

+ 2e 

Cr ++ = Cr +++ + e 

Cd(s) = Cd ++ + 2e 

PbHg + 21- = Pbl,(s) + 2e 

2 Cu(s) + 20H- = CujO(s) + H,0(1) + 2e 

PbHg + SOr = PbSO<(s) + 2e 

TIHg = T1+ +e 

PbHg + 2C1- = PbClj(s) + 2e 

Cu(s) + HjS(g) = CuS(s) + 2H + + 2e. . . . 

Ni(s) = Ni ++ -I- 2e 

Sb(s) + HjOfl) = SbO+ + 2H+ + 3e 

VSO, + H s O(l) = i(VO)jSO« + 2H + + 

ISO 4 4- e 

CujO(s) + 20H- = 2040(8^) + HjOfl) 

+ 2e 

Ag(s) + I~= Agl(s) + e 


Lit. 


0.4182 («•) 


.4034 

.40o 

,401s 

.3594 

.344 

.3438 

.3360 

.2623 

.250 

.23i 

.212 

.24 

.154 
.151 


(“) 

( 2 *. 15 ) 

(«) 
(») 

(') 

( 30 ) 

(«) 

(») 

( 30 ) 

( 7 ») 

( 80 ) 

(»*) 

(*) 

( 22 , * 3 , 

74 ) 

( 4 ») 

( 4 ») 


(') 

( 77 ) 

( 53 ) 


Sn(s) = Sn ++ -f 2e 136 

Pb(s) = Pb ++ + 2e 122 

Cu a O(s) + 20H- + HjO(l) = 2Cu(OH)»(s) 

f 2c 083 

2Hg(l) + 21- = Hg,I,(s) + 2e 0416 

2Ag(s) + HjS(g) = Af,tS(s) + 2H+ + 2e.. . ,036e 

iH,(g) = H + + e OOOo 

2. The electrode which is in equilibrium with respect to the elec- 
trochemical reaction is charged positively (i.e., pole sign is +)• 
JH,(g)=H + + e O.OOOo 

Ti(SO,), + e = Ti +++ + 2SOr 04 

PbS(s) + 2H+ + 2e - Pb(s) + H,S(g) 070 

AgBr(s) + e = Ag(s) + Br~ 0734 

HgOls^,) + HtO(l) + 2e - Hg(l) + 20H" .096» 

HgOlsyji,,,) + H,0(1) + 2e =■ Hg(l) + 

20H- 0976 

CuCl(s) + e - Cu(s) + a- 1287 

HgiBri(s) + 2e = 2Hg(I) + 2Br“ 138s 

SbiOi(s) + 6H+ + 6e = 2Sb(s) + 3H,0(1) - • 144s 

BiOa(s) + 2H + + 3e - Bi(s) + Cl" + 

HiO(l) 158s 

AgCl(s) + e = Ag(s) + a- 222i 


( 15 ) 

( 3 .) 

(«) 

(*«, 4J ) 

(») 

( 51 , 52 ) 

(*») 

(«») 


AsiOi(s) + 6H + + 6e = 2As(s) + 3H.O(l). .234o 

HAsOj + 3H+ + 3e « As(s) + 2H,Ofl) 237s 

HgiClj(s) + 2e - 2Hg(l) + 2C1- 2676 

CuS0..5H,0(s) + 2e = CuHg + (SOr 

in CuSO,.5H,0 satd.) | .2684 

PbOi(s) + H.O(l) + 2e - PbO(s) + 20H 
Normal calomel electrode 


(»■.«) 

(II, 

68, if) 

( 76 ) 

( 70 ) 

( 41 , 88 ) 

( 84 , 87 ) 


.4346 | ( 88 ) 


UO,S0 4 -h 4H+ -h 807“ -h 2e 
-h 2H*0(1) 


U(S0 4 ) 


- .27 

(* 7 ) 

. .2805 

(38) 

. .3o 

(66) 

. .3334 

(»*) 

.3441 

( 4I ) 

.3495 

■ 

| 

( 4 ») 

1 .358 

(««> 
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Reaction 


Volt 


Lit. 


Ti‘*‘ ++ +e =* Ti++ 

Cu ++ 4* 2C1~ 4“ © ^ CuCl*~ 

W(CN )7 4- e = W(CN) 7 — 

K*Fe(CN)e + K+ + e = IWefCN),.. . . 

AgtCOi(s) 4- 2e «* 2Ag(s) 4- CO 7 " 

ili(s) 4-e * I". 

HiAsO* 4- 2H+ 4- 2 e = HiAsO, 4- H,0. 

HgjS0 4 (8) 4- 2e = 2Hg(l) 4- SOr 

MnO^ 4- © ^ MnO^ - 

AgBrOi(s) + e =* Ag(s). 4- Br07 ........ 

PtClr 4 - 2 e = PtCl 4 4 - 2 C 1 “ 

Fe +++ 4 - e - Fe ++ 

Ag + 4-e = Ag(s)..: 


Hgi ++ 4* 2e = 2Hg(l) 

Mo(CN)— 4 - e = Mo(CN), 

[Pt(CN) 4 CI,] 4- ?e = [Pt(CN) 4 ] — 4 - 2C1- 1 
*Hg, + + 4 - e = Hg ++ 

HVO, 4 - H,S0 4 4- e = V0S0 4 4- 2H,0(1) 
JBri(l) 4- e = Br~ 

107 4- 6H 4- 5e - *1,(8) 4 - 3H,0(1) 

Tl +++ 4 - 2e = Tl + 

Sn ++ ++ 4 - 2e = Sn ++ ’ ’ ’ ’ ’ 

MnO,(s) 4- 4H + 4* 2e * Mn^ 4 - 2H,0(1) 

iCl,(g) 4-e = C1-. 

Au + + + 4- 3e = Au(s) 

AujOi(s) 4- 6H+ 4* 6e = 2Au(s) + 3H,0(1) 
BrO, 4 - 6H + 4- fie = *Br,(l) 4 - 3H,0(1) 

Ce++++ 4- e = Ce +++ 

Mn07 4- 4H+ 4- 3e « MnO,(s) 4- 2H,0(1J 
PbOjCs) 4 - 4H + 4 - SOr 4- 2e = PbS0 4 (s) 

+ 2H,0(1) 

Co +++ 4- e - Co++ 


0.3? 
.465 
.48s 
.4864 
. 50o 
.6345 
.674 
.621s 

.664 

.680 

.717 

.747 7 

.7978 

.7986 

.82o 

.879 

.9011 

.92 

1.064s 

1.19? 

1.2ii 
1.266 
1 .332 
1.358s 
1.3o 
1.36a 
1.49i 
1.5s 
1.58e 

1.6797 
1.817 


(18) 

( 8 ) 

( 11 , 12 ) 

( 44 ) 

(72) 

(43, 80) 

( 17 ) 

( 4 3) 

( 66 ) 

(59) 

( 48 ) 

(50, 84) 

(43) 

( 43 ) 

( 11 , 12 ) 

(87) 

(83) 

(05) 

(43) 

(67) 

(29) 

(18) 

(75) 

(22, 43) 
(36) 

(7, 26) 
(67) 

( 6 ) 

( 6 ) 

(38, 78) 
(34, 40) 
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electromotive force of cells involving the oxidation and reduction 

OF ORGANIC compounds 

J. B. Conant 


In Table 1 is bated the electromotive force of reversible cell 
corresponding to the chemical reaction A (dis.) -}-H, j=± AH, (dis.) 
ne recorded emf is either the directly measured emf of cell 1 o 

? -I™ em ^ 8 ce ^ 2 and 3, on the assumptioi 
Ulat the !iquid junction potentials cancel. 

2) 1^1 atm ° l , H+(cn) I H+ < Ch )> AH «(ci) I Pt + 

[ !? ] , H * (1 atm * } I H+ ( c «) I N KC1 I Hga I Hg-f ' 

3) Hg | HgCl | N KC1 | H + (ch), A(ci), AH,(c,) | Pt + 

ihe compounds listed in Table 1 are such that in the acic 
Bolutmns emp oyed the dissociation of AH, into A~ or AH' if 

^ ^ ree met Lods have been employed in order tc 

l e (1) the two substances have been added ir 

duoorT* (2) the quinhydrone (A • AH,) has been intro- 

--jj . m e ce ^» oxidised form has been titrated with a 

the t^^ ent ^ uaua ^y titanous chloride) and the mid-point ol 
t ration curve determined graphically ((A) - (AH,]). The 


three methods are designated in the tables as M, Q, and T, respec- 
tively. In a few cases the solution has been saturated with both 
A and AH,, or with one of these substances and the corresponding 
quinhydrone (A • AH,). These results have been bated in Table 
2; from them may be calculated the free energy change of the 
reaction, A (solid) + H, & AH,(sobd). The free energy change of 
the reaction A(gas) + H, <=± AH, (gas) has been calculated for all 
the chloroquinones and xyloquinone (*3). 

(i» «» 37) should be consulted for the measurement of the emf 
of cells of type 4 in various buffer solutions and the changes in emf 
due to variations in activity of the quinone and hydroquinone 
caused by the presence of salts. 

(4) Hg | HgCl | KC1 (satd.) | H + (ch), quinhydrone ( Pt-|- 

For the application of the “quinhydrone electrode” to the 
determination of hydrogen ion activity in aqueous solution, see p. 
330; and for solutions in absolute methyl alcohol, v. (*®). 
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The relation of the emf’s in aqueous and alcoholic solutions and 
slight changes due to the total acid concentration are dealt with in 

(16, 17, 18). 

In Table 3 are summarized data concerning the emf of cells of 
type 5 in which the reaction for one reason or another does not 
correspond to the simple equation A ■+* H* AH*, for the entire 
range of [H + ] investigated. 

(5) [Pt] | H 2 (l atm.) | N H+ | KCl(satd.) | H + (c h ), A(c,), AH,(c,) | 

Pt + 

Such results as were obtained with varying values of [H + ] = 
<*h maintained by appropriate “buffer solutions,” are best expressed 
in the form of equations involving (H + ) and certain experimentally 
. determined constants. These constants and the equations are 
given in Table 3. The “normal oxidation-reduction potential’ 
in a given [H + ] may be defined as the emf of cell 5.* In calculating 
such potentials from the experimental results, liquid junction 
potentials have been ignored and the value of the hydrogen elec- 
trode in N / 20 acid potassium phthalate at 30° taken as 0.2386 volt. 


1 

| For further details concerning the derivation of equations for 
oxidation-reduction potentials in solutions of varying [H + ], 
(6, 7, 8) should be consulted. Preliminary data in regard to 
measurements of certain indophenols in one or two buffer solutions 
are given in ( ! 2 ), and a few preliminary measurements with certain 
sulfonated dyestuffs in pH = 0.76 to 12.7 and in non-aqueous 
solvents are given in ( 20 > 21 ). The potential of the reversible 
system hemoglobin-methemoglobin is given in ( 24 ), of quinone- 
imine-phenylenediamine in ( 23 ), of triphenylmethyl-triphenyl- 
methyl sulfate in ( 25 ). For a study of meriquinones of the 
phenylenediamine and benzidine series, see ( ,0 ); for certain 
indamine dyes, see ( 35 ). 

For a discussion of the errors inherent in the titration method, 
see ( 34 ); for a comparison of the titration method and method of 
mixtures, see ( 8 » 38 ). 

For methods of estimating the “apparent reduction potential” 
and “apparent oxidation potential” of irreversible processes and 
other applications of reversible systems to the study of oxidation- 
reduction processes, see ( l4 » 20 » 21 > 22 » 23 ). 


Table 1 

Emf of cell: [Pt] | H,(l atm. dry) | HCI(ch) | HC1 (c H ), A (c,), AH 2 (cj) | Pt-f 
Concn. of organic material, 0.001-0. 005N. Quinones: the name of the oxidized compound, A, is listed; the reduced com pound in every 
case was the corresponding hydroquinone. The probable error is 1-3 in the last place except in the values followed by a dagger, where the 
error may be as great as 5 millivolts. — 


1, 4-Quinone 


1, 2-Quinone 25 

2-Methyl-l, 4-quinone (toluquinone) 0 

18 

25 

40 

2, 5-Dimethyl-l, 4-quinone (p-xyloquinone) 25 

2, 3, 5-Trimethyl-l, 4-quinone (cumoquinone) 25 

2-Methyl-5-iBopropyl-l, 4-quinone (thymoquinone) 25 

2, 3, 5, 6-Tetramethyl-l, 4-quinone (duroquinone) 25 

Tetrahydro-1, 4-naphthoquinone 25 

Monochloro-l, 4-quinone 25 

2, 3-Dichloro-l, 4-quinone 25 

2, 5-Dichloro-l, 4-quinone 25 

2, 6-Dichloro-l, 4-quinone 25 

2, 3, 5-Trichloro-l, 4-quinone 25 

2, 3, 5, 6-Tetrachloro-l, 4-quinone (chloranil) 25 

Monobromo-1, 4-quinone 25 

3, 4, -5, 8-Tetrabromo-l, 2-qu.;ione 25 

3, 4, 5) 6-Tetrachlorol, 2-quinonev 25 

2, 5-Dimethoxy-l, 4-quinone 25 

2, 6-Dimethoxy-l, 4-quinone I 25 

2, 5- Diethoxy-1, 4-quinone , 25 

Hydroxy-1, 4-quinone I 25 

2, 5- Dihydroxy-1, 4-quinone 25 

1, 2-Naphthoquinone 25 

1, 4-Naphthoquinone 25 

2-Chloro-l, 4-naphthoquinone 25 

2, 3-Dichloro-l, 4-naphthoquinone 25 

2-Bromo-l, 4-naphthcquinone 25 

1, 4-Naphthoquinone- 2-aulfonic acid 24 

1, 2-Naphthoquinone-4-eulfonic acid 25 

1, 2-Naphthoquinone-4, 6-disulionic acid 25 

2-Hydroxy- 1',' 4-naphthoquinone 25 

8-Hydroxy-l, 4-naphthoquinone 25 

2-Hydroxy-3-chloro-l, 4-naphthoquinone 25 

2, 3-Diphenoxy-l, 4-naphthoquinone 25 

Naphthopurpurin (2, 4, 8-trihydroxy-l, 4-naphthoquinone) 25 

Naphthasarin (5, 8-dihydroxy-l, 4-naphthoquinone) 25 

2, 6 - Dihydroxy-1, 4-naphthoquinone 25 

2-Allyl-3-hydroxy-l, 4-naphthoquinone .* 25 

2-(®-Methylallyl)-3-hydroxy-l, 4-naphthoquinone 25 

2-(7-MethyUllyl)-3-hydroxy-l, 4-naphthoquinone 25 


O.ltf HC1 

(aqueous) , Method 
volt 


0.7172 

0.7044 

0.6990 

0.690 

0.683 

0.787 

0.660 

0 . 6507 

0 . 6454 

0.631 

0.5900 

0.527 

0.5875 

0.584 

0.7125 

0.708 

0.720 

0.722 


0.7151 

0.823 

0.827 

0.5139 

0.465 

0.596 

0.443 

0.547 

0.4698 


0.534 
0 . 628 
0.660 



0.5jV 


Lit. 

“JY " * Method 

Lit. 

volt 


( 3 ) 1 

0.734 T 

(••) i 


( 3 ) 

( 16 ) 

(. 6 ) 

( 16 ) 

0) 

(*) 

( 16 ) 

( 34 ) 

( 16 ) 

( 34 ) 

( 15 ) 

( 34 ) 

( ,7 ) 

( 17 ) 

( 17 ) 


(“) 

(»•) 

(>*) 

( >4 ) 

(>•) 

(*•) 

(*•) 

( 16 ) 

( 34 > 


( 16 ) 

( 16 ) 

( 16 ) 


0.5N H Cl, 
95% 

CiH*OH, 
volt 


[0.724 in aba. CH»OHJ 


Q, M,T (>»**. »4) 0.713 


0.694 

0.784 

0.682 

0.658 

0.640 

0.601 

0.529 

0.590 

0.466 

0.596 

0.736 


0.735 

0.873 

0.876 

0.528 

0.474 

0.601 

0.434 

0.577 

0.483 


0.559 

0.636 

0.653 

0.357 

0.453 

0.352 

0.243* 

0.361* 

0.303* 

0.299* 

0.287* 

0.295* 


(»•) 0.711 

( 16 ) 

(*•) 

( ,# ) 


( 16 ) 

(»•) 

( 1# > 

(15) 

( ,# > 

( IT ) 

( 16 ) 

( l7 ) 


(*•) 

( l# ) 

( 1# ) 

(»•) 

( l# ) 

(«■) 

(■•> 

<*•> 


(«•) 

(*•) 

(*•) 

( ,# ) 

<*•> 

(*•) 

(*•) 

(*•) 

(*•) 

(*•) 

(*•) 

(*•1 


0.655 


0.600 


0.467 

0.506 

0.737 

0.73it 

0.73st 

0.749 

0.732 

0.696 


0.477 

0.530 


0.581 

0.495 

0.510 

0.500 

0.508 

0.554 


0.350 

0.457 


Method Lik 
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Table 1 . — ( Continued ) 



0.\N HC1 
(aqueous), 
volt 


Method 


Lit. 


0.5N 
HC1,*50% 
CtH iOH, 
volt 


Method 


Lit. 


0.5 N HC1, 
95 % 
C*H»OH, 
volt 


Method 


Lit. 


• • • • 


Lapaohol 

Hydrolapachol. 

Chlorohydrolapachol 

2-(0-Chloropropyl) -3-hydroxy- 1, 4-naphthoquinone 

Dibromohydrolapachol 

Hydro ryhydrolapachol 

Lomatiol . 

Hydxoxyisolapachol 

2-(/J-Hydroxypropy 1 ) -3-h y droxy- 1 , 4-naphthoquinone 

Iso-0-lapaohol , , . . . : 

2-Bensyl-3-hydroxy-l, 4-naphthoquinone. 

1- Methyl-5, 0-benso-3, 4-coumaranequinone 

1, 2-Dimethyl-5, 6-benso-3, 4-coumaranequinone 

2- Methyl-7, 8-benso-5, 6-chromanequinone 

2-Phenyi-7 t 8-benso-6, 6-chromanequinone 

ff-Lapaohone. •. 

Bromo-0-lapachone 

Hydro xy-0-lapachone 

Iaopropylfurano-0-naphthoquinone 

1- Methyl-4, 5-benso-3, 6-coumaranequinone 

2- Methyl-0, 7-benso-5, 8-chromanoquinone 

or-Lapaohone 

Hydroxy -o-lapachone 

Isopropyliurane-o-naphthoquinone 

Isonaphthasarin (2, 3-dihydroxy- 1, 4-naphthoquinone) 

Isonaphthaaarin monomethyl ether 

Isonaphthasarin dimethyl ether 

l-MethyL6, 6-(/J, ff-naphtho)-3, 4-coumaranequinone. 

0, 10-Phenanthraquinone 

1- Methyl-7-isopropyl-O, 10-phenanthraquinone (retenequinone) 

1, 2-Phenanthraquinone 

3, 4-Pbenanthraquinone 

3| 4-Phenanthraquinono-l-eulfonic acid 

2- HydroxjNl,' 4-phenanthraquinone 

3- Hydroxy-l, 4-phenanthraquinone 

2- Methoxy-L 4-phenanthraquinone 

3- Methoxy-l, 4-phenanthraquinone 

9, lO-Phenanthraquinone-3-sulionio acid 

1, 2-Anthraquinone 

1, 4-Anthraquinone 

9, 10-Anthraquinone 

Anthraquinone acids, v. Table 3 

2-Methyl-9, IO-anthraquinone 

2- €hloromethyl-9, 10-anthraquinone 

1- ChIoro-9, 10-anthraquinone 

3- Chloro-9, 10-anthraquinone 

2, 7-Diohloro-9, 10-anthraquinone 

9, 10-Anthraquinone-2-carboxylio aoid 

Methyl 0, 10-anthraquinone-2-carboxylate 

Ethyl 9, 10-anthraquinone- 2-carboxylate 

3-Hydroxy-l, 4-nnthraquinone. 

7-Indaaolequlnone-4-eulfonic acid 

2- Phenylbensotria*ole-4, 5-quinone-7-eulfonio acid. 

2- Phenyl-a, 0-naphtfcotria*ole-4, 5-quinone 

3- Phenyl-a, ff-naphthotriasole-4, 5-quinone 

a, 0-Naphthimida«ole-4, 5-quinone 

2-Methyl-3-phenyl-ff t 0-naphthimidasole-4, 9-quinone . ! . 

-(p-Tolylj-0, 0-naph tho triasole-4 , 9-quinone 

Thionaphthtnequmont 

Thiophanthraquinone 

°» A- Naph thotriasole-4, 5-quinone 

Naphthoquinolineonirmn* 


25 




0.287* 

T 

(>•) 

25 




0.285* 

T 

(*•) 

25 




0.297* 

T 

(••) 

25 

% 




0.304* 

T 

(*•) 

25 




0. 291*t 

T 

(*■) 

25 




0. 296*t 

T 

(••) 

25 




0.294* 

T 

( ai ) 

25 




0.310* 

T 

(*•) 

25 




0.308* 

T 

(*•) 

26 




0.282* 

T 

(*•) 

25 




0.290* 

T 

(*•) 

25 




0.406* 

T 

(*•) 

25 



0.407* 

T 

( ,# ) 

25 




0.399* 

T 

(*•) 

25 




0.413* 

T 

(*•) 

25 




0.403* 

T 

(IS) 

25 




0.427* 

T 

(*•) 

25 




0.411* 

T 

(*•> 

25 




0.400* 

T 

(*•> 

25 




0.375* 

T 

( 1# ) 

25 




0.307* 

T 

< ai ) 

25 




0.304* 

T 

( a# ) 

25 




0.320* 

T 

(*•) 

25 




0.283* 

T 

(*■) 

25 




0.282* 

T 

(* # ) 

25 


j 


0.329* 

T 

<*•) 

26 




0.387* 

T 

( ,# ) 

25 




0.365* 

T 

(*■) 

25 

0 442 

T 

(*•> 

0.458* 

T 

( ai ) 

25 







25 




0.051* 

T 

(30) 

25 




0.614* 

T 

(30) 

25 

0.064 

T 

(30) 




25 




0.410* 

T 

(10) 

25 




0.390* 

T 

(30) 

25 




0.418* 

T 

(10) 

25 




0.409* 

T 

(30) 

25 

0.472 

T 

(30) 




25 







25 




0.401* ‘ 

T 

(**) 

25 







25 







25 







25 







25 







25 







25 







25 







25 







25 




0.275* 

T 

<«> 

25 

0.620 

T 

(* T ) 




26 

0.044 

T 

(II) 




25 




0.470* 

T 

(»*) 

25 




0.613* 

T 

(»») 

25 




0.528* 

T 

(»») 

25 




0.320* 

T 

(*») 

25 




0. 244*t 

T 

(**) 

26 

0.204 

T 

(*») 




25 




0.250* 

T 

(") 

25 

0.465 

T 

(»*) 




25 

0.554 

T 

(**) 





0.472 

0.409 


0.493 

0.157 

0.153 

0.184f 

0.176 

0.203 

0.226f 

0.214 

0.225 

0.224 


T 

T 


T 

T 

T 

T 

T 

T 

T 

T 


Nitroeobensene 

l*Nitroso-2-naphthol 

3, S'- Diamino-4, 4'-dimethylasobenscne (asotoluidine) 

3, 3'-Diaminoasobensene 

^obenxene-i. 4'-disulfonate 


AHi 

Phenylhydroxylamine 

l-HydroxylAmino-2-naphthol 

3, 3'-Diamino-4, 4 / -dimethylhydrasobensene 

3, 3'-Diaminohydrasobensene 

Potassium hydrasobcnxene-4, 4'-disulfonate 


°* ■ u ^ on * te d dyestuffs, methylene blue and other dyes, see Table 3. 
* Or O.lAf HC1 and 0.2^ UCL 


(>•> 

(»•) 


(*•) 

(»•) 

(«•) 

(*•) 

(»•) 

(»•> 

(*•) 

(*•) 

(*•) 

(>•) 


f, °C 

0 IN HC1 
(aqueous) 

Method 

Lit. 

25 

0.60ot 

T, M 

(SO) 

25 

0.52»f 

T 

(*•) 

18 

0.375 

M 

< a ) 

25 

0.307 

M , 

< a ) 

18 

0.414 

M 

(*) 

37 

0.402 

M 

(*) 

25 

0.424 

M 

( aa > 
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Table 2 

Emf of cell: [Pt] | Hj(l atm. dry) | H+(ch) I H + (ch), A(satd.), B(satd.) | [Pt] + 

Accuracy : ± 1 in the third place, reap. 1-3 in the fourth place 


Half-cell Was saturated with 


Solvent 


| Volt 


Lit. 


1, 4-Quinone 

Quinhy drone of 1, 4-quinone 


1, 4-Hydroquinone 

Quinhy drone of 1, 4-quinone 


2-Methyl-l, 4-quinone 

Quinhydrone of 2-methyl- 1, 4-quinone 

2-Methyl-l, 4-hydroquinone 

Quinhydrone of 2-methyl-l, 4-quinone 

2, 5- Dimethyl-1, 4-quinone (p-xyloquinone) 

2, 5- Dimethyl- 1, 4-hydroquinone (p-xylohydroquinone) 

2-Methyl-5-isopropyl-l, 4-quinone (thymoquinone) 

Quinhydrone of 2-methyl-5-isopropyl-l, 4-quinone 

2-Methyl-5-isopropyl-l, 4-hydroquinone (thymohydroquinone) 

Quinhydrone of 2-methyl-5-isopropyl-l, 4-quinone 

2, 3, 5, 6-Tetramethyl-l, 4-quinone (duroquinone) 

2, 3, 5, 6-Tetramethyl-l, 4-hydroquinone 

Monochloro-1, 4-quinone 

Quinhydrone of monochloro-1, 4-quinone 

Monochloro-1, 4-hydroquinone 

Quinhydrone of monochloro-1, 4-quinone 

2, 6-Dichloro-l, 4-quinone 

Quinhydrone of 2, 6-dichloro-l, 4-quinone 

2, 6-Dichloro-l, 2, 4-hydroquinone 

Quinhydrone of 4 6-dichloro-l, 4-hydroquinone 

2, 3-Dichloro-l, -quinone 

2, 3-Dichloro-l, 4-hydroquinone 

2, 3-Dichloro-l, 4-quinone 

2, 5-Dichloro-l, 4-hydroquinone 

2, 3, 6-Trichloro-l, 4-quinone 

Quinhydrone of 2, 3, 5-trichloro-l, 4-quinone 

2, 3, 5-Trichloro- 1 , 4-hydroquinone 

Quinhydrone of .2, 3, 5-trichloro-l, 4-quinone 

2, 3, 5-Trichloro-l, 4-quinone 

2, 3, 5-Trichloro- 1, 4-hydroquinone 

2, 3, 5, 6-Tetrachloro-l, 4-quinone 

2, 3, 5, 6-Tetrachloro-l, 4-hydroquinone 


0. IN aq. HC1 


0. IN aq. HC1 


• • • 


Alloxantin 

N, N-Tctramethylalloxantin 


0. IN aq. HC1 
0. IN aq. HC1 
0. IN aq. HC1 
0. IN aq. HC1 
0.1N aq. HC1 
50% CjH$OH in IN HC1 


0. IN HC1 satd. with NaCl 


0.1N HC1 satd. with NaCl 


0. IN HC1 satd. with NaCl 


0. IN HC1 satd. with NaCl 


0. IN HC1 satd. with NaCl 
0.1N aq. HC1 
0. IN aq. HC1 
0. IN aq. HQ 


0.1N aq. HC1 
0. IN aq. HC1 




25 


0.770 

0.7665 

0.7620 

0.7562 

0.749 

0.627 

0.6215 

0.6177 

0.6150 

0.6123 


0.6085 (3«) 

0.677 

(« 7 ) 

0.661 

(*») 

0.610 

(» 7 ) 

0.584 

c 7 ) 

0.600 

(» 7 ) 

0.582 

(* 7 ) 

0.605 

( ,7 > 

0.593 

(« 7 > 

0.592 

(» 7 > 

0.566 

(» 7 ) 

0.499 

<»»> 

0.481 

( ,7 ) 

0.740 

(» 7 ) 

0.722 

(> 7 ) 

0.651 

(* t ) 

0.634 

(» 7 ) 

0.743 

(» 7 ) 

0.726 

c 7 ) 

0.690 

(» 7 ) 

0.669 

(» 7 > 

0.692 

(« 7 > 

0.675 

C 7 ) 

0.710 

( 17 > 

0.689 

(« 7 > 

0.681 

(*») 

0.661 

(« 7 ) 

0.690 

(» 7 ) 

0.670 

( ,7 > 

0.683 

U* 7 ) 

0.661 

(» 7 ) 

0.3699 

(*> 

0.8664 

l(») 

0.3657 

(•) 


Table 3 

Emf of the cell: [Pt] | H,(l atm.) | N H + | KCl(satd.) | H + (ch), A(e,), AH.(e,) | Pt + 

As computed from measurements against the calomel half cell 

The variation m emf as a function of IH + ] = cn is given by one of several types of equations listed below. The value of [H J was 
detertnined from the emf of the cell 

(Pt] | H*(l atm.) | H + (ch) | KCl(satd.) | HgCl | Hg . . 

Liquid junction potentials were neglected in determining both the value of [H + J and that of the oxidation reduc !|?“^. tT^hich 
“normal hydrogen electrode.” The ultimate working standard was the hydrogen electrode in N/ 20 potassium aci P ^ menUll 

the value 0.2386 volt at 30° referred to the “normal hydrogen electrode” was assigned. The type of equation concentration 

determined constants are listed in the tables as well as the range of [H+] in which the measurements * derivatives where 

of organic material was 0.001-0.005 molar. The results are significant within 1 or 2 mv exceot with the anthraq 

the error may be 3-5 mv. 
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Table 3. — ( Continued ) 




RT 

log. 

Cj 

+ 

RT 

(A) 

Eq - 

" 2 F 

Cl 

2 F 



RT 

log. 

• 

Cl 

+ 

RT 

(B) 

E 0 - 

' 2 F 

Cl 

2 F 



RT 

log. 

Cl 

a a 

RT 

(C) 

Eo ~ 

" 2 F 

Cl 

+ 

2 F 



RT 

log< 

Cl 


RT 

(D) 

Eo • 

2 F 

‘<r, 


2 F 


RT 


log. [/C,K:,[H + ] + K,[H + ]» + [H + ]*] - ~ 2 p log. (K o + [H + |) 

. r K ob .m + ) + k. i 

l0g ‘ lK r ,Kr, [H+l* + K r , [H+]» + [H + ]<J 


where E> is given in volt, [H + ] determined as stated above, K, and K, the acid dissociation constants of phenolic groups formed by the 
reduction, and K, and K 0 the acid dissociation constants in the reduced and oxidized compounds, respectively, of an acidic group common 


to both. 


Oxidised compound A 


Reduced compound AH 


Type 

of 

equa- 

tion 


I ndigo-5-flulfonio-acid Leucoindigo-5-flulfonio acid 

lndigo-5, 6'-disulfonic acid. . . Leu coindigo-5, 5'-diaulfonio 

acid 

Indigo-5, 5', 7-triBulfonic add Leucoindigo-5, 5', 7-tri- 

sulfonio add 

Indigo-5, 6', 7, 7'-tetraau1- Leucoindigo-5, 5', 7, 7'- 
fonio add. tetraaulfonic acid 

l-Naphthol-4-indo phenol-2- Leuoo-l-naphtholindophe- 
sulfonio add nol-2-aulfonic acid 

Phenol-4-indophenol Leucophenolindophenol 

o-Creaol-4-indophenol Leuco-o-creeolindophenol 

m-Creaoi-4-indophenoi Leuco-m-cresolindophenol 

Thymol-4-indophenol Leucothy molindophenol 

Carvacrol-4-indophenol Leucocarvacrolindophenol 

o-Bromophenol-4-indophenol . Leuco-o-bromophenolindo- 

phenol 

m-Bromophenol-4-indophenol. Leuco-m-bromophonolindo- 

phenol 

o-Chlorophenol-4-indophenol . Leuco-o-chlorophenolindo- 

phenol 

o-Creeolindo-2, 6-dichloro- Leuco-o-creeolindo-2, 6- 
phenol. dichlorophenol 

Phenolindo-2> 6-dichloro- Leucophenol-indo-2, 6- 
phenol. dichlorophenol 

0- Chlorophenolindo-2, 6-di- Leuco-o-chlorophenolindo- 

chlorophenol. 2, 6-dichlorophenol 

1- Naphthol-2-Bulf onate-indo- 

2, 6-dichlorophenol Leuco-compound 

m-Creaol-2-indophenol Leuco-m-creaol-2-indo- 

phenol 

Phenol-4-indo-2 / , 6'-dibromo- Leucophenol-4-indo-2', 6'- 
ph^nol. dibromophenol 

9, lO-Anthraquinone-l-eui- 9, 10-Anthrahydroquinone- 
fonio acid. 1-euifonic acid 

9, 10-Anthraquinone-l, 5-di- 9, 10-Anthrahydroquinone- 
■ulfonio add. 1, 6-diaulfonic add 

9, 10-Anthraquinone-l, 8-di- 9, 10-Anthrahydroquinone- 
■ulionic add. 1, 8-diaulfonic acid 

9, lQ-Anthraquinone-2-eul- 9, , 10-Anthrahydroquinone- 
fonic acid. 2-eulfonic add 

9, lO-Anthraquinone-2, 6-di- 9, 10-Anthrahydroquinone- 

■ulfonlo add. 2, 6-diaulfonio add 

9, 10-Anthraquinone-2, 7-di- 9, 10-Anthrahydroquinone- 
•ulfonic add. 2, 7-diaulfomo acid 

* • • r 

1. 2-Anthraqpjnone-4-flulfonic 2-Anthrahydroquinone- 


acid. 


4-Bulfonio edd 


pH 

range 

inveati- 

gated 


Eo, 

volt 


Constanta 


At 


Method Lit. 


30 1.1-12.6 0.262 1.6X10'* 

30 1.1-12.6 0.291 4.9X10-* 

30 1.1-12.6 0.332 7.7X10"*- 

30 1.1-12.6 0.365 11.2X10"* 

30 1.1-12.6 0.544 

30 6.2-12.3 0.649 

30 6 . 3-12.3 0.616 

30 6.3-12.3 0.632 

30 5.7-12.3 0.592 

30- 5.7-12.3 0.593 

30 5.8-11.7 0.659 

30 5.2-11.7 0.670 

30 4.0-12.3 0.663 

30 5.7-11.4 0.639 

30 6.3-11.4 0.668 

30 6.7-11 4 0.668 


M (>•) 

M ( 3 *) 

M (**) 

0 

M ( 3t ) 

2.0X10’“ 2.1X10** 8 OX 10~ 10 M. T (•) 


2.3 X 10““ 
1 .3X 10~“ 
2.2X10-“ 
1.5X10"“ 
1.8X10"“ 
5.8*10-“ 

5.0X10-“ 

5.0X10-“ 

3.7X10-“ 

7.4X10-“ 

1 .8X 10~* 


8.0X10-* 

4.2X10-* 

2.8X10-* 

1.6X10-* 

1.4X10-* 

7.8X10-* 


3.6X10-»o 
3.0X10-‘o 
2.7X10-10 
1.4XlO-io 
1.4X10-10 
3 . 0 X 10~* 


M, T ( ll ) 

M.T (**) 
M, T ( ll ) 

M, T (>») 

M, T ( 11 ) 

M, T ( ll ) 


1.5X10“* 1.1X10“* M, T ( w ) 


1.0X10" 7 


3 . 2 X 10~* 


2X10“* 


1.6X10-* 


3.6X10 


8X10“* 


1X10-1 


9X10-* 


M, T (•>) 

M, T (»*) 

M. T ( 3J ) 


M, T («) 


30 5.0-11.4 0.563 

30 6.7-12.3 0.647 

30 7.0-12.3 0.668 

0 3 and 4.3 0.209 (?) 

25 1.2-13.7 0.195 0.4X10"* 


4.787X10-1* 7.245X10-1 3.549X10“* M, T ( 31 ) 

2 0V 10-n 4.2X10“* 4.5X10-1° M.T ( ,a ) 


2.0X10““ 

8.9X10““ 


2X10“* 


1 X 10“i 


40 3 and 4 . 3 0.186 
0 3, 4 and 6 0.251 
25 1.2-13.7 0.239 
40 3, 4 and 6 0.230 


(?) 

(?) 

3X10-“ 

(?) 


25 1.2-13.7 0.206 0.7X10'* 


0 3, 6 and 7 0.198 
25 1.2-13.7 0.187 
40 3, 6 and 7 0.172 
0 3 and 7 0.240 


(?) 

1 X io-* 
(?) 

(?) 


5X10-1* 


25 1.2-13.7 0.228 0.8X10"* 3X10-“ 

40 3 and 7 0.210 (?) 

0 3 and 7 0.243 (?) 

25 1.2-13.7 0.229 2X10"* 3X10'“ 

40 3 and 7 0.215 (?) 

25 0.76 0.630 - 


M, T ( ll ) 


<*•) 

( l# ) 

(>•) 

(IB) 

( lf ) 

(»•) 

(*•) 

(»•) 

(>•) 

( ,# ) 

(*•) 

(>•) 

( 19 ) 

(>•) 

(*•) 


Compounds with which equation D must be employed. 

rTypel I pH I H i 


^^“' blue Methyl™ whit* 

ig&l™!* Leuoo«omnonnH 

IJf' n RT Ol 

~ ~2jr l°f« “ * 

Noti. Concentrations 0.0001 to 0.00006A. 


Type 


of 

°C 

equa- 


tion 


D 

D 

30 

30 


range 

inveeti- 

gated 

1-12 

1 - 12.6 


^0* 

Krt 

a 

Kr, 

Kob*. 

Kr 

Method 

0.532 

1.4X10-* 

3X10-* 

negligible 


T 

0.636 

6X10-* 

4.2X10-* 

1.88X10’* 


T 


338 


INTERNATIONAL CRITICAL TABLES 


LITERATURE 

(For a key to the periodicals see end of volume) 

(») Biilmann, 14, 15: 109: 21. ( 2 ) Biilmann and Blom, 4, 125: 1719; 24. ( 2 ) 

Biilmann and Krarup, 4. 125: 1954; 24. ( 4 ) Biilmann and Lund, 14. 15: 

321; 21. ( 8 ) Biilmann and Lund, 14, 19: 137; 23. (•) Clark, 231, 88: 

443; 23. ( 7 ) Clark and Cohen, 231, 38: 666; 23. (•) Clark and Cohen, 

231, 38: 933; 23. (®) Clark, Cohen and Gibbs, 231, 40: 1131; 25. 

( l0 ) Clark, Cohen and Gibbs, 231 Suppl., No. 54; 26. ( n ) Cohen, Gibbs and 

Clark, 231, 39: 381; 24. 0*) Cohen, Gibbs and Clark, 231, 39: 804; 24. 

Conant, 1, 49: 293; 27. ( ,4 ) Conant and Cutter, 60, 28: 1096 ; 24. 

(> *) Conant and Dunkle, 0. 0 6 ) Conant and Fieser, 1, 44 : 2480; 22. (* 7 ) 


Conant and Fieser, 1, 45: 2194; 23. ( l# ) Conant and Fieser, /, 45: 1858; 

24. (*•) Conant, Kahn, Fieser and Kurts, /, 44: 1382; 22. 

( 20 ) Conant and Luts, 1, 45: 1047; 23. I* 1 ) Conant and Luts, 1 , 44: 1254; 24. 

( 22 ) Conant and Pratt, 1, 48: 2468; 26.*. ( 22 ) Conant and Pratt, 1, 48 : 3178; 
26. ( 24 ) Conant and Scott, 14K 78: 207; 28. ( 2R ) Conant, Small and 

Taylor, 1, 47: 1959; 25. ( 2 «) Ebert, 26, 58: 175- 25. (* 7 ) Fieser, I, 48: 

1097; 26. ( 22 ) Fieser, 1, 50: 439; 28. (*•) Fieser, *, 50 : 465; 28. 

( 20 ) Fieser, Bryn Mawr College, 0. ( 21 ) jFieaer and Ames, 1, 48 : 2604; 27. 

( 22 ) Gibbs, Cohen and Cannan, 231, 40 : 649; 25. ( S2 J Granger and 
Nelson, /, 43: 1401; 21. ( 24 ) LaMer and Baker, 1, 44: 1954; 22. (*’) 

Phillips, Clark and Cohen, 231 Suppl., No. 81; 27. (••) Schreiner, 7, 

117: 57; 25. ( 27 ) Sdrenaen, SOrensen and Linderstrom-Lang, 14 , 18 : 283; 

21. ( 22 ) Sullivan, Cohen and Clark, 231, 58: 1669; 23. 


LIQUID JUNCTION POTENTIALS 

Duncan A. MacInnes 


The emf (El), of liquid junctions, ||, in galvanic cells may be 

obtained for four types of junction: (1) MiA(Ci)||M 2 A(Ci) or 

MAi(Ci)||MA 2 (Ci); (2) M,A(C)||M 2 A(Cx) + MiA[C(l - *)]; (3) 

MA(Ci)||MA(C 2 ); and (4) saturated KC1|IMA. M and A represent 

univalent cations and anions respectively; C 1 and C 2 , concen- 

RT A 

trations. For type (1), E L = log. ^ (approximately), where 

A is the equivalent conductance at the (single) concentration 
involved ( 13 » 15 ). Type (2) may be computed from the relation: 


Cells 


E l = RT/ F. log a [(1 - it) - x(tx - *i)]/(l - ti), (tx and h are 

the transference numbers of the ion constituents Mi and Ms, and 

(1 “ 2t)RT 

x is a factor less than unity) ( 23 ). For type (3) El “ p 

log, if the ions have the same activities, a, at each concentra- 
tion (t is the transference number) ( 14 ). Type (4) junctions can 
be regarded as constant , for most purposes, for concentration 
changes of MA up to 0.1N ( 3 > 8 > ,7 ). 


t, °C 


Emf, 

millivolt 


Literature and remarks 


+Au 


-f Au 


— Au 


— Au 


4-Au 


- Au 


KiFe(CN)« KC1(0.2N) 
K,Fe(CN) # 

K 4 Fe(CN) 8 KCl(O.lN) 
KjFe(CN)« 

K 4 Fe(CN) 8 KCK0.2N) 
KjFe(CN)« 

K 4 Fe(CN) 8 KCl(O.lN) 
KjFe(CN)« 

K 4 Fe(CN) 8 KC1(0.2A) 
K,Fe(CN) 8 


Au 


KAc(0.2N)K 4 Fe(CN) 8 

K,Fe(CN) 8 
KAc(0.lN)K 4 Fe(CN)« 

K,Fe(CN)e 

KOH(0.2AT)K 4 Fe(CN) 8 

KjFe(CN)« 
KOH(0.lN)K 4 Fe(CN) 8 

K a Fe(CN) 6 J 

KBr(0.2N)K 4 Fe(CN) 8 | Au 


Au 


Au 


Au 


K a Fe(CN)« 

K 4 Fe(CN)« NaCl(0.2N) || NaOH(0.1N)K 4 Fe(CN) 8 | Au 
K,Fe(CN) 8 K»Fe(CN) 8 


25 


25 


25 


25 


25 


25 


— Ag| AgCl, HCl(O.lN) || KCl(0.lN)AgCl| Ag. . 

— Ag| AgCl, HCI(O.OIN) || KCl(0.01N)AgCl| Ag 


Ag| AgCl, M^KO.IW) || M 2 C1(0.1N), AgCl| Ag 

Values of E, LiCl, 35.65; KC1, 26.78; HC1, 0.00; NaCl, 33.08; NH 4 C1, 28.78, milli- 
volt. 

Agl AgCl, MiCl(O.OlAT) || M 2 C1(0.01N), AgCll Ag 

Values of E, LiCl, 33.82; KC1, 25.62; HC1, 0.00; NaCl, 31.19; NH,C1, 26.93; CsCl, 
26.02, millivolt. 


25 

25 

25 


25 


-Agj AgCl, H Cl (0.1 AO 
-Agj AgCl, HCl(O.lN) || 
-Ag| AgCl, HCl(O.lN) |! 
-Ag| AgCl, HCl(O.lN) jj 
-Ag| AgCl, HCl(O.liV) || 


NaCl(0.02346A0 HC1(0.07654N), AgCl| Ag 
NaCl(0.05050N) HC1(0.04950AO, AgCl| Ag 
NaCl(0.06142N) HC1(0.03858N), AgClj Ag 
NaCl(0.07518N) HC1(0.02482N), AgClj Ag 
NaCl (0.0893 IN) HC1(0.01069N), AgClj Ag 


— Agi AgCl, HCl(O.lN) || NaCl(0.09400N) HC1(0.00600N), AgCl| Ag 


6.9 


6.9 


16.1 


15.7 


0.4 


18.1 


27.8 

27.2 


Ei - Ex 


Ei - E 


25 

4.75 

25 

11.85 

25 

15.12 

25 

20.17 

25 

26.80 

25 

29.41 


(13) 

Equal small amounts of ferro- and 
fern-cyanides in both half cells. 
Potentials closely that of liquid 
junction. 


( 12 ) 


( 1S ) 

Flowing junctions (* 1 ). Potential 
in millivolts obtained by sub- 
tracting figure given for MiCl 
from value for MiCl, the result- 
ing algebraic sign is the sign of the 
potential of the left-hand elec- 
trode. If the activities of the 
chloride ion are the same, at the 
concentration given, the poten- 
tial thus computed is that of the 
liquid j unction. 

( 24 ) 

Type 2 (see above). Flowing 
junctions. Measured potentials 
close to liquid junction poten-^ 

tials. 


Potentials at junctions of aqueous solutions of electrolytes with solutions in immiscible solvents, 
Potentials at membranes, see (*» 7 ). 


aee(i,», 20 > 21 > 22 )- 
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OVERVOLTAGE 

Max Knobel 


Overvoltage is the potential necessary to discharge the ion in 
question in excess of that necessary for reversible discharge, the 
reversible and irreversible electrodes being under the same con- 
dition of temperature, pressure, electrolyte, etc. 

The actual magnitude of any overvoltage value cannot be 
specified precisely because of uncontrollable variability. The 
usual reproducibility is not better than 0.05 volt. 

All values given are determined by the “direct” method, that 
is, while the polarizing current is flowing. For references on the 
comparative value of commutator and direct method, see ( 2 > 3 > 5 > 

6 , 10 , 14 ). 

Effect of Current Density on Overvoltage ( 7 ) 

Smooth Electrodes unless Otherwise Designated . — Electrolyte for 
hydrogen overvoltages is 2 N HjS 0 4 ; for halogen overvoltages, a 
saturated solution of the sodium or potassium halide with the 
halogen; for oxygen overvoltages, IN KOH. The hydrogen 
overvoltages are most reliable and by careful duplication of con- 
ditions are reproducible to 0.1 volt or better. The halogen over- 
voltages are the least reliable due to coatings on the electrode. 

For other references on the effect of current density, see the 
above article. |t is impracticable to attempt to average the 
results, of different investigators on account of the sensitivity of 
overvoltage to many conditions of measurement. 


Hydrogen Overvoltages. — (i Continued ) 


Milliamp 
per cm* 


Hydrogen Overvoltages at 25°C 

Overvoltage in volt 


Au 


CM 


Cu 


Platin- 
ized Pt 


Smooth 

Pt 


0 

0.1 

1 

2 

5 

10 

50 

100 

200 

500 

1000 

1500 


A1 


Graph- 

ite 


0.122 

0.241 


0.332 

0.390 

0.607 

0.588 

0.668 

0.770 

0.798 

0.807 


0.466 

0.651 

0.981 


1.086 

1.134 

1.211 

1.216 

1.228 

1.246 

1.254 

1.267 


0 

0 


.351 

.479 


0 

0 


.548 

.584 


0 

0 

1 

1 

1 


.801 

.988 

.186 

.254 

.269 


0.000 

0.0034 

0.0154 

0.0208 

0.0272 

0.0300 

0 . 0376 

0.0405 

0.0420 

0.0448 

0.0483 

0.0495 



0.024 

0.034 

0.051 

0.068 

0.186 

0.288 

0.355 

0.573 

0.676 

0.768 


0.499 

0.565 

0.626 

0.745 

0.826 

0.968 

0.996 

1.176 

1.237 

1.286 

1.292 


0.0022 
0 3166 
0 . 5995 
0 . 6520 
0.7250 
0 . 7788 
0 . 9032 
0.9774 
1.0794 
1.1710 
1.2200 
1 . 2208 


Milliamp 
per cm* 


Overvoltage in volt 


Ag 


0 

0.1 

1 

2 

5 


0.2981 
0 . 4751 
0 . 5787 
0.6922 


Sn 

Fe 

elec- 

trode 

Brass 

Monel 

metal 

Dur- 

iron 

Sgg 

0.2026 

0.2183 

0.3832 

0.1911 

0.1680 

0.1710 


0.4036 

0.4967 

0.2754 

0 . 1970 


0.4474 

0.5346 

0.3022 

0.2136 

1.0258 

0.5024 

0.5960 

0.3387 

0.2443 


Overvoltage in volt 


Milliamp 
per cm 1 

Ag 

Sn 

Fe 

elec- 

trode 

Brass 

Monel 

metal 

Dur 

iron 

10 

0.7618 

1.0767 

0.5571 

0.6459 

0.3832 

0.2856 

50 

0.8300 

1.1851 

0.7000 

0.8011 

0.5345 

0.5096 

100 

0.8749 

1 . 2230 

0.8184 

0.9104 

0.6244 

0.6129 

200 

0.9379 

1.2342 

0.9854 

1.1088 

0.7108 

0.7240 

500 

1.0300 

1.2380 

1.2561 

1.2318 

0.8619 

0.8591 

1000 

1.0890 

1.2306 

1.2915 

1.2544 

1.0716 

1.0205 

1500 

1.0841 

1 . 2286 

1.2908 

1.2491 

1 . 2095 

i 

1.1400 






Milliamp 

Overvoltage in volt 

per cm* 

| Zn 

Carbon 

Bi 

Nr 

c r 

1 

0.716 

$ 

0.78 

0.563 

0.52 

2 

0.726 



0.633 


5 

0.726 

0.64 

0.98 

0.705 

1.060 

10 

0.746 

0.70 

1.05 

0.747 

1.090 

50 

0 . 926 

0.82 

1.16 

0.890 

1.168 

100 

1.064 

0.89 

1.14 

1.048 

1.179 

300 

1.168 

1.04 

1.20 

1.130 

1.217 

500 

1.201 

1.10 

1.21 

1.208 

1.235 

1000 

1.229 

1.17 

1.23 

1.241 

1.262 

1500 

1.243 

1.23 

1.29 

1.254 

1.290 

Milliamp per 
cm* 

Over- 

voltage 

Milli- 
amp per 

Over- 

voltage 

Milli- 
amp per 

Over- 

voltage 

Hg 

cm* 

Te 

cm* 

Pd . 

0.00 

0.2805 

0.416 

0.0504 

0.227 

0.0546 

0.0769 

0.5562 

0.832 

0.3505 

1.135 

0.1392 

0.769 

0.8488 

1.667 

0.4162 

2.27 

0.1820 

1.54 

0 . 9295 

4.16 

0.4405 

4.54 

0.2349 

3.87 

1.0060 

8.32 

0.4300 

11.35 

0.3165 

7.69 

1.0361 

41.6 

0 . 4705 

22.7 

0.4034 

38.7 

1.0634 

83.2 

0.4733 

113.5 

0.7205 

76.9 

1.0665 

166.7 

0.4986 

227 

0.8607 

154 

1.0751 

416 

0.5370 

454 

0.9521 

387 

1 . 1053 

832 

0.5940 

1135 

1.0513 

769 

1.108 

1250 

0.6590 

2270 

1.1168 

1153 

1.126 



3400 

1.1570 


Chlorine Overvoltages at 25°C 


Platinized Pt 

Smooth Pt 

Graphite 

Milliamp 

Over- 

Milliamp 

Over- 

Milliamp 

Over- 

per cm* 

voltage 

per cm* 

voltage 

per cm* 

voltage 

1.1 

0.0060 

1.1 

0.008 

40 

0.186 

5.7 

0.0140 

5.7 

0.0199 

70 

0.193 

14.5 

0.0180 

11.4 

0.0299 

100 

0.251 

21.7 

0.0190 

22.8 

0 . 0378 

200 

0.298 


I 


r< 

m; 


r. i 


- 
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Chlorine Overvoltages — ( Continued ) 


Platinized Pt 

Smooth Pt 

Graphite 

Milliamp 

Over- 

Milliamp 

Over- 

Milliamp 

Over- 

per cm 2 

voltage 

per cm 2 

voltage 

per cm 2 

voltage 

38.8 

■n 


0 . 0457 

500 

0.417 

60 



0 . 0540 

740 

0.466 

100 

BWiy?!B 


0 . 0870 

980 

0.489 

200 

0.035 


0.161 

1131 

0.535 

520 

0.050 

750 

0.212 



1340 

0.089 

1000 

0.236 



1490 

0.103 

1350 

0.263 




Bromine Overvoltages at 25°C 


Platinized platinum 

Smooth platinum 

Graphite 

Milliamp 

Over- 

Milliamp 

Over- 

Milliamp 

Over- 

per cm 2 

voltage 

per cm 2 

voltage 

per cm 2 

voltage 

10 

0.002 | 


0.002 

10 

0.002 


0.005 

BB 

0.004 

30 

0.008 


0.007 

50 

0.006 

50 

0.016 


0.012 


0.033 

100 

0.027 


0.025 


0.057 

200 

0.054 


0.041 

360 

0.113 

300 

0.081 


0.056 

400 

0.156 

390 

0.108 

500 

0.069 

420 

0.164 

550 

0.163 

590 

0.082 

440 

0.178 

740 

0.218 

760 

0.130 

520 

0.266 

840 

0.253 

940 

0.202 

720 

0.379 

990 

0.329 





1110 

! 0.356 





1210 

0.400 


Iodine Overvoltages at 25°C 


Platinized platinum 

Smooth platinum 

Graphite 

Milliamp 

Over- 

Milliamp 

Over- 

Milliamp 

Over- 

per cm 2 

voltage 

per cm 1 

voltage 

per cm 1 

voltage 

10 

0.006 1 

12.3 

0.0039 

1.2 

0.002 

20 


23 

0.0070 

5.7 

0.007 

40 


50 

0.0127 

11.7 

0.0139 

110 

0.032 

90 

0.0216 

19.7 

0 . 0239 

220 

0.050 

130 

0 . 0353 

34.8 

0 . 0348 

400 

0.070 

200 

0.0510 

50 

0 . 0538 

* 

710 

0.118 

310 

0.0744 

100 

0 . 0974 

810 

0.130 

520 

0.120 

200 

0.175 

1000 

0.196 

690 

0.150 

400 

0.315 

1300 

0.216 

1030 

0.220 

590 

0.451 

1460 

0.266 

1160 

0.245 

840 

0.645 



1330 

0.277 





1500 

0.292 




Oxygen Overvoltages at 25°C 


Milliamp 
per cm 2 

Overvoltage in volt 

Soft 

graphite 

Au 

Cu 

Ag 

1 

0.525 

0.673 

0.422 

0.580 

5 

0.705 

0.927 

0.546 

0.674 

10 

0.896 

0.963 

0.580 

0.729 

20 

0.963 

0.996 

0.605 

0.813 

50 


1.064 

0.637 

0.912 

100 

1.091 

1.244 

0.660 

0.984 

200 

1.142 


0.687 

1.038 

500 

1.186 

1.527 

0.735 

1.080 

1000 

1.240 

1.63 

0.793 

1.131 

1500 

1.282 

1.68 

0.836 

1.14 


Oxygen Overvoltages. — (Continued) 


Milliamp 
per cm* 

Overvoltage in volt 

Smooth Pt 

Platinized 

Pt 

Smooth Ni 

Spongy Ni 

1 i 

0.721 

0.398 

0.353 

0.414 

5 

0.80 

0.480 

0.461 

0.511 

10 

0.85 

0.521 

0.519 


20 

0.92 

0.561 



50 

1.16 

0.605 

0.670 

0.653 

100 

1.28 

0.638 

0.726 

0.687 

200 

1.34 


0.775 

0.714 

500 

1.43 

0.705 

0.821 

0.740 

1000 

1.49 

0.766 

0.853 

0.702 

1500 

1.38 

0.786 

0.871 

0.759 


Effect of Temperature on Overvoltage 


Average temperature coefficient of hydrogen overvoltage on 
smooth electrodes in 2 N H 1 SO 4 for temperature range 0 to 75°C 
( 8 ); cf. ( 11 , 12 , 15 ). 


Electrode 

Current density, 
amp/cm* 

dS/dT , 

mv (millivolt) /°C 

Silver 

0.40 

2.0 


0.10 ' 

2.4 


0.01 

2.5 

Copper 

0.40 

2.4 


0.10 

2.6 


0.01 

3.1 

Nickel 

0.10 

2.4 


0.01 

2.6 

Lead 

0.40 

1.8 


0.10 

2.0 


0.05 

1.6 


For other articles each containing a few measurements, ue 
(10.5, 11, 12, 13). 


Effect of Pressure on Overvoltage (i) 


Hydrogen overvoltage increases with reduction in pressure by 
the same amount that the reversible hydrogen electrode potential 
increases, i.e., potential of polarized cathode measured against an 
electrode such as the Hg: HgjS 04 which does not change wi 
pressure, is constant. For Hg, Ni, and Pb, very low curren 
density, pressure range 20 to 750 mm, 20°C. Confirm y 
Knobel («) for smooth lead, copper and nickel, and for platinized 
platinum each at current densities of 0.01, 0.1, and L0 amp per 
cm 1 , and for pressure range 22 mm to 760 mm Hg, 25 . 

Divergent results ( 4 ). . ^ __ _ 

Oxygen overvoltage, 100 atm. (») decrease of 0.02 volt from 

value at 1 atm. 
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ELECTRICAL AND OPTICAL PROPERTIES OF SILICA 

Robert B. Sosman 


Dielectric Constant (i*» 16 » 

28.1, 38, 87, 

, 76, 79, 81, 85) 


Most 

probable 

value 

Limits between 
which the true 
value certainly 
lies 

Quartz, axis || to direction of field . 

4.6 

4.5 and 5.0 

Quartz, axis X to direction of field. 

4.5 

4.2 and 4.7 

Difference (j|) — (X) 

+0.1 

+0.1 and +0.4 

Vitreous silica 

3.75 

3.2 and 3.9 


Electrical Resistivity 

Unit, Ohm-Cm (*> 7 * 12, 22 , 26 , 35, 39, 67, 68, 84, 86, 90j 


t, °C 

Quartz | 


Vitreous silica f 

|| to axis * 

X to axis 

t, °c 

ohm-cm 

t, °C 

ohm-cm 

20 

0.1X10 16 

• 

20X10 16 

20 

10X10“ 

700 

10X10® 

100 

0.8X10 11 


100 

1X10 18 

800 

4X10® 

200 

70X10® 


200 

10X10“ 

900 

2X10® 

300 

60X10* 


300 

0.2X10 11 

1000 

1X10® 

1000 

50X10* 

100X10* 

400 

5X10® 

1100 

0.7X10® 

1300 

5X10*' 

10X10* 

500 

0.3X10® 

1200 

0.5X10® 




600 

60X10® 

1300 

0.4X10® 


* This is natural quarts, whose axial conductance is due mainly to impurities; 
the true axial resistivity of pure quarts is not known, 
t Cf. Seemann (t, 81: 119; 28), who finds lower values 

Piezoelectric Constanta of Quartz (H, is, is, 33, 63, 69, 73 , 74 ) 

Pressure in baryea (dynes per cm 1 ); charge in absolute electro- 
static units per cm 1 

dn (principal coefficient) —00 X 10 _l 

d " + 17X10“* 

See also p. 211. 

Magnetic Susceptibility (*3, *i» *•» ® 4 ) 

Quartz in vacuo , at 20°C 


Volume-susceptibility, 10 ®* 

Mass-susceptibility, 10**, 

II to axis 1 x to axis 

| to axis 

X to axis 

... — 1 -21 j -1.20 1 

-0.45? 

-0.452 


Optical Constants 


(S, 10 , 20 , 25, 28, 50, 55, 64, 78, 91, 98) 
Room temperature 


Birefringence for sodium 
bsfc* (*y - no) 

Constringency p 


Optical character. . 

Optioal orientation 
character c 

action 

Optic axial angle, 2 

Apparent optic axial angle, 
* tly 


• • • 


Low-quarts 
1.544 (n«) 

1.553 (n«) 

0.009 

( For o, 69.9 \ 
\ For e, 68.7 / 
Positive 
c « ny 

Pocltivc 



0.004 


Positive 


Negative 
35 to 48° 


56 to 66* 


Low- I Vitreous 
cristob elite I silica 

17484 

Near 1.487 
1.487 


0.003 

or higher 


Negative 


>90° 


1.459 (a) 


67.6 


Refractive Index 

At 18°, in Air at Same Temperature ( 6 > 9 > 19 » 24, 29, 

48, 49, 51, 55, 58, 60, 61, 70, 71, 76, 87, 92) 


Radiating element 


0.000* 


A1 

A1 

Au 

Zn 

Au 

Au 

Cd 

Cd 

Cd 

Cd 

Au 

Au 

Cd 

A1 

Cd 

Au 

Sn 

Au 

Cd 

Cd 

A1 

Ca 

Hg 

H 

H 

Hg 

Cd 

Cd 

H (solar line “F”).. 

Cd 

Mg (solar line “bi”) 

Cd • 

Hg 

Hg 

He 

Na (mean) 

Au 

Cd 

H (solar line "C”),. 
He 


He 

He 

K. 

Rb 

O.. 


Hg 

He, 


Wave- 
length 
in air 
at 15°, 

m/i 


LOf 


N, 

quartz 


quartz 


185.467 1.67578 
193.583 1.65999 
200.06 1.64927 
202.55 1 1.64557 


204 . 448 
211.07 
214.439 
219.462 
226 . 503 
231.288 
242.796 
250.329 
257 . 304 
263.155 
274.867 
291.358 
303.412 
312.279 
325 . 253 
340 . 365 
358 . 68 
396 . 848 
404 . 656 
410.174 
434.047 
435.834 

467.815 
479.991 
486.133 
508.582 
518.362 
533.85 
546 . 072 

579.066 
587 . 563 
589 . 29 
627.82 
643.847 
656 . 278 

607.815 
670 . 786 
706.520 
728.135 
766.494 
794.763 

844.67 
1000.00 
1014.06 
1083.03 
1200.00 

1300.00 

1400.00 


1 . 64288 
1 . 63432 
1.63039 
1.62497 
1.01818 
1.61401 
1.60525 
1.60032 
1 . 59622 
1.59309 
1 . 58752 
1 . 58098 


1 . 68997 
1.67343 
1.06227 
1 . 6^842 
1 . 65562 
1.64671 
1 . 64262 
1 . 63698 
1 . 62992 
1 . 62559 
1.61650 
1.01139 
1.60714 
1.60389 
1.59813 
1.59136 


1.576955 1.58720 
1.57433 1.584485 
1.570915 1.58095 
1.56747 1.577385 
1.563915 1.573705 
1.55813 1.56772 
1.557156 1.56671 
1.556502 1.566031 
1.5539631.563405 
1.553790 1.563225 
1.551027 1.560368 
1.550118 1.559428 
1.549683 1.558979 
1.548229 1.557475 
1.547651 1.556877 
1.546799 1.555990 
1.540174 1.555350 
1.544667 1.553791 
1.544316 1.553428 
1 .544246 1 .553355 
1.5428191.551880 
1.5422881.551332 
1.5418991. 
1.541553 1.550573 
1,5414661.550483 
1.640488 1.549472 
1.5399481.548913 
1.539071 1.548005 
1 . 538478 1 . 547392j 
1.5375251.64640 


1.53503 
1.53483 
1.53387 
1.53232 
1.53102 
1 . 52972 


1.54381 

1.54360 

1.54260 

1.54098 

1.53962 

1.63826 


30, 34, 47, 


. N ' 
vitreous 


1.57436 
1 . 55999 

1.54727 


1.53386 

1.62907 

1.52308 

1.51941 

1 . 50745 
1.50379 

1.49617 

1 . 48594 


1 . 47807 

1.47061 
1 . 46968 

1 . 46690 
1.40675 
1.46435 
1 . 46355 
1.46318 
1.46191 

1.46067 

1.46Q13 


1.45845 

1.45674 

1.45640 


1.45517 


1.45340 
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Refractive Index. — ( Continued ) 


Radiating element 

Wave- 
length 
in air 

at 15°, 

1 

AT„, 

quartz 

• 

A'„ 

quartz 

i 

; .v, 

vitreous 

Hg 

1529.61 

1600.00 

1800.00 

1 1 . 52800 

1 . 52703 
1.52413 

1 . 53646 

1 . 53545 

1 . 53242 


He 

2058 . 20 

2500.00 

3000.00 

1.51998 

1.51156 

1.49962 

1.52814 

1.5195 

1 . 5070 



Change of the Refractive Indices of Quartz (per Degree, 


Approximate 

wave-length, 

TUn I 

Change of absolute 
index 

r u m 

Change of index in - 
air 

10 6 An, 

10 6 An w 

10* A 

10 8 AAT W 

202 

+ 1.29 * 

+ 1.84 

+2.67 

+3.21 

206 

+0.63 

+ 1.19 

+ 1.98 

+2.53 


+0.08 . 


+1.45 

+ 1.93 

214 

-0.49 

-0.07 

+0.83 

+1.24 

219 

-1.05 

-0.57 

w 

+0.27 


224 

-1.79 

-1.13 

-0.48 


226 

-2.04 

-1.36 

-0.75 


228 

— 2.22 

-1.55 

-0.93 

-0.27 

r 3i 

-2.41 

-1.80 

-1.12 

. -0.52 

257 

-3.89 

-3.09 

-2.65 

-1.86 

274 

-4.44 

-3.55 

-3.23 

-2.35 

288 

-5.06 

-3.99 

-3.85 

-2.79 

298 

-5.34 

-4.29 

-4.15 

-3.11 

313 

-5.68 

-4.65 

-4.50 

-3.48 

325 

-5.87 

-4.69 

-4.69 

-3.52 

340 

-6.17 

-5.08 

-5.01 

-3.93 

361 

-6.40 

-5.32 

-5.25 

-4.18 

441 

-7.05 

-5.87 

-5.93 

-4.75 

467 

-7.15 

-5.96 

-6.01 

-4.85 

480 

-7.22 

-6.10 

-6.10 

-4.99 

508 

-7.29 

-6.25 

-6.16 

-5.14 

589 

-7.54 

-6.50 

-6.42 

-5.39 

643 

-7.64 

-6.60 

-6.53 

-5.49 


Refractive Index of Vitreous Sil 
for Range 20 to 100°C (*2) 


per Degree, 


Radiating element 

Approx. 

wave- 

length 

Change of 
absolute 
index, 
10«An 

Change of 
index in air, 
10 8 AJV 

A1 

185 

23.19 

24.61 

A1 

186 

22.71 

24.13 

A1 

193 

20.80 

22.17 

A1 

198 

19.65 

21.00 

Zn 

206 

18.32 

19.64 

Zd 


17.50 

18.81 

Cd 

0 • 

, 214 

17.28 

18.57 

Zn 

215 

17.01 

18.30 

Cd 

219 

16.66 

17.94 

Cd 

224 

15.70 

16.97 

Cd 

226 

15.90 

17.16 

Cd 

231 

16.99 

18.24 

Cd 

232 

15.26 

16.51 

Cd 

257 

13.74 

14.95 

Cd 

274 

13.01 

14.20 

Cd 

-28 S 

12.32 

13.49 


Change of Refractive Index of Vitreous Silica.— {Continued) 


Radiating element 

| 

Approx. 

wave- 

length 

Change ol 
absolute 
index, 
10*An 

» 

Change of 
index in air, 

10'AAf 

• 

. * ' 

Cd 

298 

12.25 

13.41 

Cd 

325.5 

11.99 

13.14 

Cd 

346 

11.41 

12.55 

Cd 

361 

11.27 

12.40 

Cd 

441 

10.41 

11.51 

Cd 

480 

10.20 

11.29 

Cd 

508 

10.21 

11.29 


Vitreous Silica at Various Temperatures; Absolute Index 
of Refraction Calculated from Data of Rinne (**) 


Temp., 

°C 

He, blue 

He, 

green 

He, 

yellow 

He, red 


X - 471.315m M 

501.568 

587.563 

| 667.815 

- 160 

1.4635 

1.4617 

1 1.4581 

1.4559 

- 64 

1.4641 

1.4624 

1.4586 

1.4563 

+ 18 

1.4649 

1.4629 

1 .4592 

1.4569 

130- 

1.4660 

1.4642 

1.4604 

1.4579 

235 

1 . 4675 

1.4654 

1.4616 

1.4591 

365 

1 . 4692 

1.4672 

1.4633 

1.4608 

475 

1 . 4708 

1.4689 

1.4649 

1.4625 

590 

1.4722 

1 . 4703 

1.4663 

1.4639 

1000 


1.4772 

1.4729 

1.4706 


See further p. 843. 

Dispersion 

Constants in the Formula: n 1 


. m,X* 

m + rr 


X* - X? 

X and Xi in at 18°, in vacuo ( 53 » 54 ) 


- lik'l 


Quartz, n, 

Quartz, n u (1904) 
Quartz, n a (1906) 


. m 

| mi 

1 _ 

1.43813 

0 . 95014 

0 .106692 

1.42919 

0.93173 

0.105805 

1.40090 

0.95650 

0.10495 

1.36112 0.74655 

0.107044 


0.01723 

0.01635 

0.01093 

0.01350 


Effct of Temperature, Change per Degree C ( 54 ) 



10*Am 

10*Ami 

10 f AX, 
in /* 

A k 

Quartz, n- 

67.838 

-80.195 

6.3200 


Quartz, n* 

69.390 

-80.048 

6.3200 


Vitreoue silica 

69.400 

-41.832 

6.3200 



Optical Rotation 

Quartz at 20°C (2, e, a, 23, 31, 32, 36, 37, 45, 

see almt Vol. II, p. 336 


46, 48, 


Radiating element 



Wave-length in 
air at 15°, m u 


226.503 
231.288 
242.796 
250.329 
274.867 
303.412 
340.365 
348.534 
396.848 
404.656 
410.174 
434.047 
Continued on p. 343 


Deg., a /mm 

20L9 
190.5 

166.9 

153.9 

121.10 
95.02 
72.45 
68.585 

51.115 

48.945 
47.495 
41.024 
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Refractive Index . — ( Continued from p. 342) 


Quartz at Various Temperatures, as Measured by Rinne and Kolb ( 72 ) and Recalculated as Absolute Indices 

Extraordinary index, n* 


Solar line 

Wave 

length, 

mp 

-140° 

-45° 

+23° 

115° 

212° 

305° 

410° 

550° 

580° 

650° 

765° 

G' (EL) 

434.047 


1.5633 

1 . 5634 

1 . .5629 

1 . 5623 

1.5615 

1 . 5598 

1.5551 

1.5503 

1.5521 

1.5532 

(d) I 

466.8 


1 . 5609 

1 . 5608 

1 . 5603 

1 . 5597 

1 . 5588 

1.5572 

1.5526 

1.5478 

1.5492 

1.5.506 

F 

486 . 133 

1 . 5594 

1.5594 

1 . 5593 

1 . 5589 

1.5581 

1 . 5573 

1 . 5558 

1.5512 

1.5464 

1.5475 

1.5490 

(c) 

495 . 75 

1 . 5587 

1.5587 

1.5582 

1.5576 

1 . 5567 

1.5552 

1.5.503 

1.5456 

1.5468 

1.5481 

bj. 

517.27 


1.5574 

1.5574 

1.5568 

1 . 5562 

1.5553 

1 . 5538 

1.5488 

1.5442 

1.54.54 

1.5469 

D, 

588 . 997 

1.5541 

1 . 5539 

1.5537 

1 . 5532 

1.5526 

1.5615 

1.5499 

1.5451 

1.5405 

1.5417 

1.5431 


627.8 

1 . 5526 

1.5525 

1.5522 

1.5517 

1.5510 

1 . 5500 

1.5486 

1.5437 

1.5389 

1.5403 

1.5416 

C 

656 . 278 

1.5516 

1.5513 

1 . 5508 

1 . 5502 

1.5491 

1.5475 

1.5427 

1.5380 

1.5393 

1.5406 

B 

687.2 

1.5506 

1 . 5506 

1 . 5504 

1.5499 

1 . .5492 

1.5481 

1.5466 ; 

1.5419 

1.5369 

1.5383 

1.5397 

a 

718.9 

1 . 5499 

1 5495 

1.5490 

1.5483 

1.5472 

1.5458 

1.5408 

1.5362 

1.5375 

1.5388 


Ordinary index, n w 


Solar line 

Wave 

length, 

mp 

1 

**• 

© 

O 

-45° 

+ 23 c 

115° 

212° 

305° 

410° 

550° 

580° 

650° 

765° 

G' (H t ) 

434.047 


1.5539 

1 . 5540 

1.5536 

1.5531 

1 . 5523 

1.5510 

1.5469 

1.5425 

1.5439 

1.5454 

(d) 

466.8 


1.5515 

1.5514 

1.5511 

1.5506 

1.5498 

1 . 5483 

1.5442 

1.5400 

1.5414 

1.5429 

F : 

486.133 

1.5504 

1.5501 

1.5500 

1.5497 

1.5491 

1.5483 

1.5469 

1.5426 

1.5385 

1.5399 

1.5414 

(C) 

495 . 75 


1 . 5494 

1 . 5494 

1.5491 

1.5485 

1.5477 

1.5465 

1.5421 

1.5379 

1.5393 

1.5406 

b, 

517.27 


1.5481 

1.5481 

1.5476 

1.5472 

1.5463 

1.5452 

1.5407 

1.5363 

1.5377 

1.5392 

D, 

588 . 997 

1.5449 

1 . 5448 

1 . 5446 

1.5441 

1.5437 

1 5428 

1.5414 

1.5370 

1.5329 

1.5341 

1.5356 

a 

627.8 

1.5434 

1 . 5434 

1.5431 

1.5427 

1.5422 

1.5413 

1.5401 

1.5357 

1.5314 

1.5328 

1 . 5340 

c 

656 . 278 


1.5425 

1 . 5423 

1.5418 

1.5414 

1.5405 

1.5390 

1 . 5349 

1 . 5304 

1.5319 

1.5331 

B 

687.2 

1.5417 

1.5416 

1.5414 

1.5410 

1.5405 

1.5395 

1.5382 

1 . 5337 

1.5296 

1.5309 

1.5321 

a 

718.9 


1 . 5408 

1 5405 

1.5401 

1.5396 

1 . 5386 

1.5374 

1.5327 

1 . 5288 

1.530! 

1.5313 


Optical Rotation . — ( Continued from p. 342) 


Radiating element 

Wave-length in 
air at 15°, mp 

Deg., a/mm 

Hg 

435 . 834 

41.548 

Cd 

467.815 

35.601 

H (solar line “F”). . 

486.133 

32.761 

Cd 

508 . 582 

29.728 

H K 

546 . 072 

25.535 

Na (mean) 

589 . 29 

21.724 

Cd 

643 . 847 

18.023 


670 . 786 

16.535 

He 

728 . 135 

13.924 

Rb 

794.763 

11.589 

H « 

1014.06 

0.976 


1200.00 

4.889 

Hg 

1529.61 

2.930 

He 

2058.20 

1.527 


2500.00 

0.972 


Change op the Rotatory Power of Quartz with Temperate 

Patio of the measured rotation at temperature t to the measui 
rotation of the same plate at 0°C (*» 3 » *1, «o, 42 , 43, 57) 


t, °C 

Ol/oto 

1 t, °C 

ai/ao 

t, °C 

ai/ao 

—200 

0.979 

200 

1.031 

600 

1.164 

-100 

0.988 

300 

1.050 

700 

1.166 

0 

1.000 

400 

1.071 

800 

1.167 

+ 5C 

1.007 

500 

1.100 ' 

900 

1.169 

100 

1.014 

573 

/ 1.132 
\ 1.163 

1000 

1.171 


Reflectivity 


Wave-lengths of the maxima of reflection by quartz, as given by 

various observers 0 L 44 > 59 » 65 » 75 » 77,1 » 88 j 


Observer Quart*, u> 


Niohols (1897) 

8.42 


8.80 






Rubens and Nichols 

8.50 


9.02 




20.75 


Rosenthal (1899) 

8.49 


9.03 






Coblent* (1906) 

8.48 




12.5 




Coblent* (1908) 

8.3-85 


9.02 






Reinkober (1910) 

8.40* 


9.02f 

9.20$ 

12.52 

14.55 



Trowbridge and Wood 

8.41 


8.90 






Liebisch and Rubens 







21.0 

26.0 


Quarts, « 


Reinkober (1910) 

8.40* 

8. 70J9 .02f 

12.87 




Liebisch and Rubens 


1 



19.7 

27.5 



Vitreous silica 



Coblent* (1908) 

8.3 


8.8 






Reinkober (1910) 

8.30 


8.90 


12.6 

14.6 



Liebisch and Rubens 







21.2 

26.8 


* Center of mass of two maxima, one at 8.35, and one at 8.50 (weak), 
f Center of mass of two maxima, one at 8.90, and one at 9.05. 

$ Weak. 


Verdet Constant 

Sodium Light at Room Temperature 

Values of 10»«. u *= a/lH. a in minutes, l in cm, H in gilbert 
per cm. 

Quartz, 17; vitreous, 15. Temperature coefficient about 
-f0.01% per degree C ( 4 » 4S » 83 ). 
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Dispersion qf the Verdet Constant 


Source 

Wave-length, 

Quartz, Verdet constant, 
10 3 a> (4) 


lTl/j 

At 20° 

At 96° 

Cd, 25 

219.462 

158.66 


Cd, 18 

257 . 304 

107.90 


Cd, 9 

361.25 

46.17 


Cd, 6 

467.815 

27.50 

27.72 

Cd, 5 

479.991 

25.74 


Cd, 4 

508 . 582 

22.57 


D 

589 . 29 

16.64 

16.82 

Cd, 1 

643.847 

13.68 

13.79 


Dispersion-Ratios for Verdet Constant of Quartz 


Radiating element 


Wave- 
length, m/ix 


Cd 25 
Cd 18 
Cd 9 . 
Hg.. 
Hg.. 
Cd*. 
Cd 6 . 
Hg. . 
Cd 4 . 
Hg. 


Hg 

D. 


Cdj 

H.. 

Li.. 


219.462 
257.304 
361.25 
404 . 656 
435 . 834 
467.815 
479.991 
491.60 
508 . 582 
546 . 072 
549.5 
579 . 066 
589 . 29 
600 

643 . 847 
656 . 278 
670 . 786 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2140 


Ratio to D line 


( 4 ) 


9.534 

6.484 

2.775 


1.653 

1.547 

1.356 


1.000 


0.822 


( 21 ) ( 45 ) ( 37 ) 


2.137 

1.852 


1.456 

1.171 

1.041 

1.000 


0.800 


1.912 

1.477 

1.372 

1.175 


1.000 


0.760 


1.158 

1.000 

0.963 


0.690 

0.529 

0.415 

0.330 

0.269 

0.224 

0.1915 

0.1663 

0.1444 

0.1266 

0.1125 

0.0987 

0.0869 

0.0761 

0.0627 
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INTERNATIONAL CRITICAL TABLES 


A body can be magnetized either by placing it in a magnetic 
field or by rotating it in a neutral region (p. 347). The magnetiza- 
tion acquired in a magnetic field results from the superposition of 
two effects, either of which may practically vanish: (1) A magnetic 
effect, consisting in an alignment, more or les3 parallel to the 
applied magnetic field, of the axes of certain permanent, or approxi- 
mately permanent, magnetic elements constituting parts of the 
molecules; and (2) a diamagnetic effect, fundamentally identical 
with the induction of an electric current in a conductor ( 88 ). In 
diamagnetic substances x is negative, email, independent of H and, 
in many cases, independent of temperature and certain other 
physical conditions. Magnetic substances, for which x is positive, 
are either paramagnetic or ferromagnetic. In paramagnetic 
substances x is small and independent of H at ordinary temper- 
atures and in weak fields. In ferromagnetic substances x is rela- 
tively large and depends upon H, unless H is very small. When 
its temperature is sufficiently increased, every ferromagnetic 
substance becomes transformed into a paramagnetic substance. 
The temperature at which this change occurs is called the temper- 
ature of transformation or Curie point (9) for the substance. The 
data given in this report refer chiefly to paramagnetic and dia- 
magnetic substances, because only a few pertinent quantitative 
atomic and molecular data are available for ferrotnagnetic 
substances. 

SYMBOLS AND UNITS 

Unless another is indicated, the basic unit in every case is the 
appropriate cgsm unit. Symbols which are frequently used 
throughout the Tables are defined in Vol. I, p. 16; those used in 
only a single section will be defined tvtos used. 

A Atomic weight. 

a Constant in Lange vin’s equation (p. 350). 

B Number of Bohr magnetops per basal unit; (p] * B[^] b . 

e Electric charge; usually, but not necessarily, it is numerically 

equal to the “electronic charge,” e. 

H Intensity of magnetic field. 

j Angular momentum of the body, or system, under con- 
sideration. 

M Molecular weight, 
m Mass. 

m 0 Electronic mass at low velocity. 

No Avogadro's number. 

R Gas constant per gram-mole. 

R 0 2m 0 /e. 
r Radius. 

T Absolute temperature, °K. 

W Number of Weiss magnetons per basal unit; (/d *= W\n) jr. 

Z Atomic number. 

0 Curie point. Temperature-constant in Weiss’s relation. 

[^] Magnetic moment of the system under consideration, 
biol Magnetic moment of elementary magnetic unit. 

2 Sign of summation. 

. 9 Specific magnetization = magnetic moment per unit of mass. 
c m Value of a when axes of all the elementary magnetic moments 
are parallel. 

X Specific susceptibility = susceptibility divided by density. 

Subscripts: «. « indicates the quantity is referred to the gram- 
atom, gram-mole, b, w indicates the quantity is expressed in 
the Bohr magneton, the Weiss magneton, as unit moment. 

Magnetons or Magnetic Elements 

The term magneton has been applied both to the complete 
magnetic element within the atom or molecule, and to the ultimate 
magnetic units of which the element may be constituted. Of the 
various magnetons which have been proposed, four will be con- 
sidered here; the first three are based upon theory, the fourth 
entirely upon experiment. 


Spinning Electron (L 22 » H*). — The element is the 

rotating spherical electron. The ratio of the angular momentum 
(j) to the magnetic moment [/i] is (j/lul), = mje if the charge is 
distributed uniformly over the surface, and (;/M)* *■ 5m»/7s if 
the charge is distributed uniformly throughout the volume; m , 
and m v are the inertias of the electron in the two cases. If r • 
radius of the electron, m, = 2e*/3r. *** = 4e*/5 r. 

Bohr Magneton ( 104 ). — The electron is revolving in a fixed 
orbit; j/\n 0 ] = 2m 0 /e( = fio) = —1.13 X 10~ 7 for a negative 
electron. On Bohr’s theory, the least value of j is h/2r, and the 
corresponding value of [>ao 1 is Bohr’s magneton [/xol b b eh/4*®o - 
9.23 X 10"* 1 . The Bohr gram-magneton [mJs is defined as 
NoUola = 6593 ( 28 » 104 ); if there is but one such electron orbit 
per atom, [p ff ]a * Uds- 

Sommerfeld Magneton ( 104 ). — On Sommerfeld’s spectroscopic 
theory, the atomic moment of an atom is [/i] =gj iImoIs, where g 
is Land6’s “splitting factor,” and the angular momentum of the 
atom is j = j\h/2r. The quantities j and g are derived from 
spectroscopic data, and the product gj\ is known as the spectro- 
scopic magneton number of the atom in the given state. 

The magnetic moment of the free neutral atom of a metal may 
be determined directly from the effect of an intense and non- 
uniform magnetic field upon a high velocity stream of the vapor- 
ized met^l in the atomic state (method of Gerlach and Stem) 
(45, '46, 47, 68, 92, 110 , 137). The experimental error in the 

magneton number {\ji]/[no ]s), so determined, ranges from 0.02 to 
0.3 or 0.4. 

Table 1. — Comparison of Magneton Numbers (B) Obtained 
by Different Methods ( 45 » 46 » 47 » 68 » ® 2 » ,10 » 1S7 ) 

M =■ B[/x 0 ]b; Bos , B s = value of B obtained by the Gerlach and 
Stern, and by the spectroscopic method, respectively 


Atom .... 

H 

Na 

K 

Cu 

Ag 

Au 

Zn 

Cd 

Hg 

Bos 

1 

1 

1 

1 

1 

1 

0 

0 

0 

A 

Bs 

1 

1 

1 

1 

1 

1 

0 

0 

0 

Atom .... 


TI 

Sn 

Pb 

Sb 

Bi 

Te 

Ni 

Fe 

Bos 


i 

0 

0 

0 

(?) 

0 

52 

0 

A 

Bs 


I 

0 

0 

0 

(?) 

(?) 

5 



* Largo. 

Weiss Magneton (»», 8 °, 8 ®, »3, * 20 » 128 ) — At very low temper- 
atures, Xa> for both Fe and Ni, approaches asymptotics y a 
definite maximum as the intensity of the field is increased an ® 
temperature is decreased. The limiting values are 112 . 
for Fe, and 1123.3 X 3 for Ni. The value 1123.6 is the magnetic 

moment of the gram-magneton of Weiss, [n 9 ]w- At very 
temperatures, the atoms of Fe and Ni contain, respectiv y» 
and 3 Weiss magnetons. The moment of the elementary 
magneton is defined as [mo ] w “ 1123.5/Vo * 1.&54 X 
Within less than the experimental error, the magnetic momen 
the Weiss magnetons are as great as those of the correspon 

Bohr magnetons. 

Table 2. — Atomic and Molecular Magnetic Moments [m 0 
Ferromagnetic Substances at Low Temperatu 

Method of Weiss 
[m] “ Wfiiolw 


W. 

Lit 


Fe 

11.00 
(120, 126) 


Fe 

11.00 

(90) 


Fef 

10.00 

(91) 



Fe.Ni, 

Fe,Ni 


W 

27.0 

27.0 

1 

Lit 

(90) 

(90) 



Co 


< »> 

• By extrapolation from data for Ni alloys, 
t By extrapolation from data for Fe-Co alloys, 
t Sts alto p. 361. 


Ni| 

3.00 

(90, no, 
120 ) 

C^f 

8.97 

(93) 


FeNi. 

20.0 

(90) 

Fe,Co 

36.1 

93) 
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Molecular Gyromagnetic Effects 

Magnetization by Rotation (Barnett) ( 3 » 7 ). — In effect, each 
magneton is a gyrostat with a magnetic moment parallel to the 
axis of rotation; when a body containing magnetons is rotated, 
the directions of their magnetic moments tend to become parallel 
to the axis of rotation of the body. For a circular cylinder making 
n rotations per sec about its axis of figure, the resultant magnetic 
moment (M), so produced parallel to the axis, is M = C\n = 
CH , where C is a constant, X = 2i rj/[pi\, and H is the intensity of 
the axial magnetic field that would produce the same moment (M) 
without rotation; \(='H/n) is called the specific magnetic inten- 
sity of rotation for the substance of the rod. On the classical 
theory, if the magneton is an electron in a Bohr orbit, X = 2 rj/ 
[mo] = 4nno/e =* 2ir R 0 = —7.10 X 10 -7 gauss/rotation per sec. 
If the magneton is a spherical electron with uniform surface charge 
(Iorentz) spinning about a diameter, X = —3.65 X 10 -7 gauss/ 
rotation per sec. Results of experiments are given in Table 3. 

Table 3. — Magnetization by Rotation 
X = specific magnetic intensity of rotation = 2wj/[n\. For 
Bohr magneton, j/[p] = R 0 ; for spinning electron with surface 
charge, j/M - R 0 / 2. 2x R 0 = 4xm 0 /e = -7.10 X 10~ 7 gauss/ 
rotation per sec; unit of \(^=H/n) = 10“ 7 gauss /rotation per sec. 


Material 


Steel. . 
Steel. . 
Iron . . . 
Steel . . 
Nickel 
Cobalt 


Notes — X 


Material 


Notes 


-X 


t 


6 rods J 


2 rodst 

t 


3.6 

3.4 


3.79 


3.69 

3.84 


Heusler alloy . . 

Permalloy 

Ni-Fe 

Co-Fe 

Co-Ni 


X 


80% Nit 
25% Nit 
35% Cot 
54% Cot 


3.62 
3.78 

3.63 
3.83 
3.83 


Weighted mean of observations (t) of 1923, 3.76 ± 0.07. 

Hence j/[»] <= (3.76/7.10)fl 0 - 0.529 R 0 = 1.06m 0 /e. 

* Obfti rvationa of 1914 , method of electromagnetic induction (*). 
t Observations of 1915 , method of 1914 (*). _ 
t Observations of 1923 , magnetometer method ( 7 ), error about 2%. 

Rotation by Magnetization (Einstein and de Haas ( 40 ); cf. 
(», JO, 39, 96, 105, 108 , 109)). — This is the converse of the Barnett 
effect. A ferromagnetic rod is given an angular momentum about 
its axis by altering a magnetic field, parallel to the axis, impressed 
on the rod by means of a solenoid which may be either fixed to the 
earth or wound rigidly on the rod. The measurements permit 
the calculation of the ratio j/[p] on the basis of the classical theory 
and the assumption that the momentum acquired by the rigid 
system which includes the rod is equal and opposite to the momen- 
tum given to the magnetons. For the results of the most reliable 
experiments, see Table 4. 

Table 4. — Rotation by Magnetization 

The value of O/UD/Ro to be expected on the classical theory is 

unity for a Bohr magneton, and 0.6 for a spinning electron with 
surfa ce charge. 

Material 

Iron 


Nickel 


Cobalt 

Permalloy.. . 

Magnetite . . . 

Heusler alloy 


( j/[»))/R o 
0.60 + 
0.63: 
0.50 + 
0.52 
0.50 + 
0.57 
0.60 
0.5 
0.52 + 
0.5 
0.60 


Method* 
Bal (30) 
ACD (») 
ACN (io») 
ACN h ( 6 ) 

Bal (30) 

ACD (0) 
ACN (109) 
ACN (108) 
ACNr (6) 
ACN .(108) 
ACN (109) 


9 n i i — ^ ’ \ / 

Batins ftnr*.*! 11 ***^ “ alternating current, deflection; ACN - alter- 

ACNr - " alternating current, null, solenoid wound on rod; 

Data from (•) E * oepting ACNR * adenoid is fixed to earth. 


Magnetism and Structure; v. also (l° 8 » 1°®) 

Effect of Number of Electrons ( v . also (? 9 » 61 > 62 )). — (a) Pascal’s 
Relation. — Pascal ( 82 ) found that for homologous elements in the 
3 families of metalloids, x a {^A\) = — Ce a s, where C and a are 
experimental constants; later ( 88 ) he found the relation to apply to 
nearly all the other diamagnetic elements; see Fig. 1. 

(6) Kossel’s Relation ( ,6 » 64 » 104 ). — For atoms and ions having 
18 to 29 electrons external to the nucleus, Kosael observed that 
the magnetic moment depends primarily upon the number of 
electrons external to the nucleus; e.g. t A, K+, and Ca ++ have 18 
such electrons each, and their moments are essentially identical 
(Fig. 2); removing 2 electrons from the neutral Ca atom ( Z = 20) 
changes its moment to that of A (Z = 18). This illustrates 
KosBel’8 “displacement law.” Meyer found the same relation for 
atoms and ions having 57 to 71 extranuclear electrons (Fig. 3). 

Effect of Distribution of Electrons and Electron Orbits. — (a) 
Langevin’s Theory. — On Langevin’s ( 6B ) electron theory of magne- 
tism, an ion, atom, or molecule with a completely symmetrical 
arrangement of electron orbits should be diamagnetic, as exempli- 
fied by the rare gases and Cu + , Ag + , Au + ; while an unsymmetrical 
arrangement should produce paramagnetism, as exemplified by 
Na, K, Ag, Cu, etc. 

(b) ' Rossers and Sidgwick’s Theory. — On the theory of Kossel 
( 64 ) and Sidgwick ( 102 ) the electropositive atoms of a saturated 
compound have lost all the electrons they will part with readily, 
and the electronegative atoms have taken up all they will take up, 
and in practically all cases the resulting orbital arrangement is 
symmetrical, and the compounds are diamagnetic. In a few 
cases, as in cupric compounds, the arrangement is not symmetrical, 
and the compound may be paramagnetic. Similarly, unsaturated 
compounds of diamagnetic elementary substances may be either 
diamagnetic like oxides of bivalent Pb and 8n, or paramagnetic 
like NO; v. also ( 10 ). 

(c) Lewis '8 Theory. — On the magnetochemical theory of G. N. 
Lewis ("), those electrons in a molecule which are paired with one 
another produce a diamagnetic effect, while an impaired electron 
gives a magnetic moment to the molecule, thus producing para- 
magnetism. In the case of solids and liquids the exact molecular 
state is in general unknown; but in the case of gases and dilute 
solutions it can be predicted that every substance with an odd 
number of electrons in the molecule will be paramagnetic, as 
exemplified by the following ( ,11 ): The two odd molecules NO 
and NOj are paramagnetic, while the nitrogen oxides with even 
molecules are diamagnetic; ClOt, which is odd, is paramagnetic 
even in dilute solution in CCL; the odd compound o-naphthyl- 
diphenylmethyl in benzene solution is paramagnetio (the first case 

of paramagnetism in an organic compound); for additional data, 

( 111 , 133 ). 

( d ) Welo and Baudisch’s Theory. — On the theory of Welo and 
Baudisch ( 127 » 128 ); cf. ( 10 ), the diamagnetism of certain salts of 
magnetic elements is due to the fact that the atoms of the magnetic 
element have, by sharing with, and transfer from, neighboring 
atoms, gained a sufficient number of electrons to attain the sym- 
metrical electron configuration of a rare gas. Thus K 4 Fe(CN)« is 
diamagnetic because each K atom contributes one electron to the 
Fe atom by transfer, and each CN group contributes one by 
sharing. Thus the Fe atom, originally possessing 26 non-nuclear 
electrons, gains 10 more, and assumes the structure of Kr with 36 
electrons. 

Effect of Crystal Structure . — Though numerous experiments, 
including the recent ones of Ingersoll and de Vinnqy on magnetio 
and non-magnetic Ni films ( 8B ); cf. ( 80 ), indicate clearly that ferro- 
magnetism occurs only in crystalline masses, the type of crystal 
appears to have little significance ( 82 * 12 ®» 13°). Thus 0- 
and $-iron are all body-centered cubic, while y-iron is face-centered 
cubic. At ordinary temperatures, Ni is face-centered cubic; Co 
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Sb 


^ 9 « 


5>Ba. 


Au 


Pb 


Hg 


ct 




CO 

o 


1.0 


Be 


B /W 
\ /Ne 


Al f /) 

M J/V 

w 


zn 


h # 1 / 

H/ / 


'*0 


He 


10 


i 

Atomic Number Z 
so ko 


60 


70 


80 


T ’ ■ ”■■■■■■ ~ * * ^ [ 

. F ~* between ■uaoeptibility (x.) of diamagnetic element* and atomic number (Z) (Pascal's relation with A replaced 

by £). Data for rare gases («•. *»<); ef. (»«), others from Pascal; calculations and interpolations (»•. *•). Dashed (---) linss connect 

homologous elements and, for Z > 14, are nearly straight, as demanded by Pascal’s relation fn. 347*. 



r~ Fro* 2. inc, a. v 

Fiob. 2, 3. — Relation between magnetic moment ([*!) of atom or ion and the number (JNO of electrons external to the nucleus ( , 
relation). D*) =* W — number of Weiss magnetons per atom or ion. In Fig. 2, data from ( ,#4 ); in Fig. 3, ° from ( ;» 

from ( 7 4 ) computations assume the Langevin- Weiss theory (p. 350). 
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is hexagonal or face-centered cubic; pyrrho tite (Fe 7 S§), hexagonal; 
magnetite (Fe* 04 ), cubic; and hematite (Fe s Oi), rhombohedric. 
Thermomagnetic changes in Heusler alloy are not accompanied 
by any change in the X-ray diffraction pattern ( 139 ), and the 
pattern of Fe-Ni alloys does not change when the composition 
passes through that of the extremely permeable permalloy (*). 
Paramagnetic and diamagnetic solids have a great variety of 
crystal forms, though in certain gipups homologous elements have 
the same crystal structure (1°). Magnetization may produce no 
change in the crystal structure ( l38 ); e.g., Laue photographs of 
crystals of magnetite and of hematite are unchanged by a field 
of 1000 gauss ( 34 ), and those of Heusler alloy are unchanged by 
3600 gauss. ( l39 ), and the X-ray spectra obtained by reflection 
from a crystal of magnetite are not affected in any way by sub- 
jecting the crystal to a strong magnetic field ( 33 ); cf. ( l38 ). 


Additivity Relations 

Simple Additivity. — The law of additivity may be written 
mx * 2m*xi, where rm is the mass of a constituent i of a com- 
pound or mixture (M) of mass m = 2 m,-, and x and x< are the 
specific susceptibilities of M and the constituent i.' The sum- 
mation (2) is extended, to all constituents. For many compounds 
and mixtures, this law appears to be valid; for many others, the 
departures frpm it are great. 


lHtO 


nHjO 


8.6 

24.1 


8.6 

23.8 


53.6 53.2 


2.6 

74.7 


Table 6. — Additivity Relation as Applied to Solid Para- 
magnetic Hydrates ( 43 ) 

Some data satisfy the relation mx = 2m»x<, and some do not. 

Xo " observed specific pusceptibility; Xe 31 specific suscepti- 
bility calculated from data in last column by subtracting the 
(negative) susceptibility of the HjO lost. Error ^ 1%; unit of 
X “ 10" 1 cgsm unit. 

I None I lHtO I nH,0 


Salt 


VuSOi 8.6 9.6 

Ni80 < 25.6 27.8 

60.8 60.0 

Sm.CSO^!. , 3.43 3.39 < 

Qdi(S0 4 )i 92.6 92.7 


As applied to solutions, the law of additivity requires that the 
molecular susceptibility of the solute be independent of the 
concentration; this is known as Wiedemann* e law. In many cases 

0 apparent failure of Wiedctnann’s law, it is probable that more 
t an one type of each of certain constituents is present and that 

e relative amounts of these types change with the concentration, 
ydrolyais furnishes an illustration of such changes. When a 
.S 18 hydrolyzed a solution, the value of x for the ion, as 
e uced from that for the solution on the assumption that the 
®®pl6 additivity relation holds, commonly differs from that 
ueed from observations taken under other conditions. In 
sue cases, progressive reduction of hydrolysis by addition of acid 
®na ea one to extrapolate to the condition of no hydrolysis; this 
ex rapolated value for the ion frequently agrees with that found 
unoer other conditions of no hydrolysis (* 8 i 4 *» ® 4 ). 

. a PPbed to molecules, the additivity relation requires that .the 
ecular susceptibility x-*( ■ A(x) ®ball be computable from the 
p h* 1 ! 5 (ionic ) susceptibilities 6f the constituent atoms (ions). 
ohT 1 ^^PP^ied and found that consistent results could be 

Dounri w ! Xuul . y f^ 868 * oapocially of saturated organic com- 
j . Weiss siinilarly applied the relation in determining the 
c susceptibilities of metals, from the observed susceptibilities 

01 88118 and solutions: v. (tit). 


Table 6. — Atomic and Atomic-Group Susceptibilities 

( 82 , 83 , 84 ) 

The values given below are in general use in determining ionic 
susceptibilities of metals, and assume that m x for HjO is 13.0 X 
10~«. mx = atomics or atomic-group susceptibility; in the former 
case, m = atomic weight; in the latter, m = formula weight of the 
group; unit of m x * 10“*. 

Atom.. Br C Cl F H Hg I K Na (T 

30.6 6.0120. 1| 6.312.93133.4 44.6 18.5 9.2 4.0 

Atom or atom group P 8 Se Te HjO S0 4 NOj NH, CN 
-m x 26.3116.023.1 37.5 13.033.6 14.2114.4 10.8 

Pascal’ 8 Relation ( 82 » 83 ). — In those cases in which the appli- 
cation to molecules of the simple additivity relation led to incon- 
sistent results, Pascal employed the more general equation M x = 
ZniAi X i + X, or its equivalent Xm = Xn iX Oi + X, in which n, is 
the number of atoms of species t and atomic weight A, that are 
contained in a molecule of molecular weight M , and X measures 
the deviation from the law of additivity; X depends upon the 
nature of the molecule. Frequently, X has the same value for 
all those organic compounds which are of similar type. Thus, if 
unit of x is 10“ 7 , 

(mX^CeHjCJ) — (mx)( Ct HiBr) = 103 

and 

(wX^CHfCIOOiCtHO — (^»x)(CHtBrCO^,H») = 107 

while 

(tt»x)a — (m x )Br = 105; 

also 

(Wx)(C»H^r) — (Rlx)(C»H,I) =138 

and 

(mx)(CH,BrCO,C,H e ) — (mx)(CH,ICOK3|H ») = 148 

while 

(rax)Br - (mx)i = 140; 

I 

the differences for the compounds are uncertain by 8 or 10 units. 
For values of X, see Table 7. 

Table 7. — Pascal’s X for Certain Bonds in Organic Com- 


pounds 


Afx = 2nfA»x» *h X* For the saturated C n Hi,, + j compounds, 

X =* 0; unit of x = 10“ 6 cgsm unit 

Bond | X [j Bond X 

Benzene bond —1.6 Polyethylene bond -f-10.6 

Naphthalene bond —6.1 C =0 -f- 8.2 

Ifexamethylene bond +3.0 C e N + 0.8 

Ethylene bond +6.6 CsN 0 


Table 8. — Effective Atomic Susceptibility (x®)o of O in 

Organic Compounds 

Assumes X = 0; unit of (xa)o = 10"* cgsm unit 

Type of bond | (x a )o 

Singly bound to any two atoms, — O — —4.6 

Doubly bound to a single C not carrying another O +1.7 

Doubly bound to a single C carrying a second O —3.4 

Doubjy bound to any single polyvalent atom: (axo) is of the 
same sign as for the corresponding case in which the C is the 
polyvalent atom. 

Theories of Diamagnetism 

The Weber-Langevin Theory ( 8 ®» *i«). — On this theory the 
magnetic moment of a diamagnetic atom in a neutral region is 
zero because the electron orbits are such and so arranged that the 
vector sum of their individual moments is zero. The orbits are 
assumed to be rigid, independent of T, and in general unaffected 
by chemical and physical changes; but the velocities of the electrons 
in the orbits are changed by the application of a magnetic field. On 
this last the existence of diamagnetism depends. On this theory, 
for an isotropic substance, or for atoms orieitfed at random, Xm — 
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— (e Wo/12xiiio) 2n»a,-; a< = area of an orbit of type t; n,- = number 
of such orbits per atom. Variations in Xa may result from a 
paramagnetic relative displacement of the orbits, from distortion, 
due to a molecular electric or magnetic field, when a change of 
state occurs ( 69 » 81 > 82 » 83 ) (Oxley ( 81 ) attributes to such fields 
intensities of the order of 10 7 gauss, cf. infra), and in the case of 
conductors, possibly but not certainly ( 87 ), from the presence of 
free electrons ("♦ t^ 5 ). 

Table 9. — Effect of Liquefaction of Diamagnetic Solids: 

Illustrative ( 81 ) 

II ^x/x is positive, the liquid is more diamagnetic than the solid; 

unit of b x /x = 1 % 


Substance l 

Sx/x , 

Lit. 

H ,0 

Water 

3 + 

( 56 ) 

Hg 

Mercury 

14 

( 81 ) 

C*H* 

Benzene 

0 

( 81 ) 

C»H 7 N 

Aniline 

5 

( 81 ) 

C7H5CIO 

Benzoyl chloride 

-5 

( 81 ) 

c 7 h, 

Toluene 

5 

( 81 ) 

C3H10 

o-Xvlene 

5 

( 81 ) 


Pauli's Theory. — On this theory ( 4 » 86) which is applicable only 


to monatomic gases, diamagnetism is due to a rotation of the 
complete atom (Larmor rotation) produced by the magnetic field. 
For random orientation, xa is just twice as great as on the Weber - 
Langevin theory, i.e., X a -(eW 0 /6jrm 0 ) 2n<a<. 

Atomic Radii 

From measurements of the susceptibility of a diamagnetic 
substance it is possible, on the basis of either of these theories, to 
compute the mean of the areas of the several electronic orbits in 
the atom and the radius (r) of this mean area, assumed to be cir- 
cular. The value obtained for r depends upon the theory applied. 
By the use of Bohr’s theory of the atom, it is possible, in certain 
cases, to derive from r the radius (r m ) of the outermost orbit 
( 19 , 63 ). The effective atomic radius can also be obtained from 
viscosity and other data. For numerical values of the several 
r’s, see Table 10. 

Table 10. — Atomic Radii 
The radii are derived as follows: 

r *l r j>] From mean area of the electronic orbits as given by the 
Weber-Langevin [the Pauli] theory (*®» 19); r v =*» r p y/ 2. 
r m Mean radius of outer shell of electrons, as computed by 
Cabrera ( l9 ) from observations of Wills and Hector 
( 49 , 134 ) j where 2 values are given (ions of A structure) 
they are based on slightly different assumptions. 
r v From measurements of viscosity; computed by Jeans ( 60 ). 

r e From crystal data by method of Fajans and Herzfeld ( 42 ); 

computed by Grimm ( 48 ). 

ti From Land6’s atomic model, cubical symmetry; computed 
by Schwendenwein ( ,0 °). 
n Radius of combination, Bragg ( 12 ). 

Unit of r » 1 mm = 10“V = 10“ 10 cm 


(1) 

r* 

r p 


r v 

r e 

ri 

rb 

A 

85 

60 

85 

181 

87 

109 

106 

Ca ++ 



69, 74 


67 


170 

Cl 

92 

65 


168 




Cl- 



98, 92 


95 


105 

F- 



56. 


75 



H 

146 

103 


177 




He 

81 

57 

57 

111 




Hg 

66 

39 






K 

84 

59 






K + 



76,80 


79 


207 

Kr.. 



103 

206 

97 

112 

• 

Mg++ 



39 


39 

1 



Table 10. — ( Continued ) 


a) 

r. 

r v 

Tm 

1 r* 

1 

1 n 

E£ 

N 

76 

64 


140 




N — 



77 


1 

1 . .M 


Na + 1 



43 


62 



Ne 

68 

48 

54 

111 

63 

74 


O 

65 

46 


140 




0 



65 


89 



p — 



137, 111 





s 



113, 101 


109 


102 

Xe • 



144 

242 

110 

120 

• 


Theories of Paramagnetism 


x is Independent of the Temperature. — No detailed theory has 
been developed; see, however, (1 2 4 ). 

x Varies with the Temperature. — (a) Langevin ’s Theory.-*- 
Lange vin has developed a fundamental theory for gases, and on this 
many other theories have been based (see infra and p. 362).. His 
theory leads to the relation <r a /<r ( - <r/0 - coth 0 - l/o, 
where a m a^H/RT. If a is small, the relation becomes eJB 
(= x.) = (<073 RT * Ca/T ; or, divided by A, x- C/T, 
which is Curie’s law ( 3e ). Curie’s law is vi^lid for Oi both at high 
temperatures and ( 83 ), if density corresponds to a pressure of 100 
atm. at 290°K, within the ranges 170 to 290°K and 10 to 18 kilo- 
gauss, C being (302.8 ± 1.6) X 10~ 4 ; it is also valid for certain 
solids and solutions of salts, see infra and Tables 11, 12, 14. 

Proceeding on quite different assumptions, Weiss has shown that 
in certain cases Langevin 's relation may be valid for solid bodies 
( 119 ), and it has been established experimentally (Onnes, Ooster- 
huis, Woltjer) ( 76 i 1 3 ®) for solid gadolinium sulfate, Gdi(S04)»-* 


8H1O, over the ranges 1.3 to 300°K and 3.3 to 22 kilogauss; o was 
varied from a small value to 7.0; Curie's law applies if a < 0.7. 

(5) Weiss’s Generalization of Langevin 's Theory. — Weiss and 
Onnes independently observed that many series of data for which 
Curie’s law fails satisfy the more general relation x(T — * * 

(Weiss’s law), and Weiss has shown that Langevin ’s theory lead* 
to this expression when the orientations of the elementary moments 
are modified by intense molecular fields; C a m (*«JV6H M m 
Langevin’s theory when o is small. The intensities of the molec- 
ular fields necessary to account for the observed values o 
exceed 10® gauss if assumed to be magnetic; some of the values, as 
estimated by Weiss ( 122 ), are, in this unit: Fe, 0.6; Ni, 0-4; » 

8.9; magnetite, 14.3. . , . 

If the elementary magnetic moments were each acoompame y 
an electric moment having the same axis, the resultant molecu 
electrical field would produce the same effect as the mo ec 
magnetic field at first assumed by Wei ss ( l21 )« T h e 
elementary electric moment is < =* l.5y/RMO/rdSo 
units, where d = density of the substance, and other B ? rI1 ?o— »■ 
have same significance as elsewhere. Thus if the unit of « 18 
cgse unit, the values of e for Fe, Co, and Ni are, respectiv y> * ' 
1.26, and 0.86, if the atom is the basal element; if the basal e em 
for Fe is 3 atoms and for magnetite ^is 0.6FejO4, the correspon ^ 
values of c are 1.90 for Fe and 1.74 for FeiOi- All 7# \ 

are very close to those (0.34 to 1.18) obtained by Debye * 
for the moments of dipoles in insulators. The value given 
is much the most reliable. 

An explanation of the existence of 0 in mixtures of oxyg®o _ ^ 
nitrogen (cf. Table 14) has been given in terms of polyme 

( 70 , 89 ). A 

For solutions, experiments of Fo€x ( 44 ) and of Cabrera 
Duperier ( 2 *) have shown that in general 0 is not ten, an ^ _ 
results of the latter indicate that 0 is independent of t e 

tration and of the nature of the anion. 

For substances which are ferromagnetic at ordinary 
atures, Weiss’s theory interprets 0 as the temperature at w 1 
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substance becomes paramagnetic (Curie point, critical temper- 
ature). For pure Fe-Ni alloys ranging from FejNi (34.4% Ni) to 
100% Ni, Weiss’s law is followed exactly from temperatures near 
the Curie point to ca. 1200°C, and 0 is found ( 91 ) to be a little 
hi gh er than the Curie point. From many series of observations at 
ZQrich ( 12 °), the atomic magnetic moment [>i] for pure Ni above 
the Curie point, calculated on the basis of the Langevin-Weiss 
theory, has been found to be [>*] = (8.02 ± 0.02) cf. p. 346. 

For other ferromagnetic substances at temperatures above the 
Curie point, Weiss’s law is not certainly followed even over 
moderate ranges of T. 

For most paramagnetic substances, it holds over a considerable 
range of T f but, in general, fails at very low temperatures. This 
failure constitutes the cryomagnetic anomaly of Onnes. For ions 
both of the iron group and of the rare earth groups, Cabrera ( 20 ) 
has shown that 0 in general decreases with increase of ionic 
magnetic moment, the relation for ions of a given class being 
linear. 


Table 11. — Weiss’s Law as Applied to Paramagnetic Solids: 

Values of 0 and Ranges of Validity; Illustrative 

Weiss’s law, x(T — 0) = C, usually fails at very low temper- 
atures. Range of T * range over which the law holds good; 
T' - temperature below the range; a, m, s indicate whether x and 
C refer to the atomic (metal atom), molecular, or specific magneti- 
sation. Error in 0 ranges ca. from <1 to 2°K; unit of x = 1 
cgsm; of T, T\ and 0 = 1°K. 


Substance 

(2) | 

Range of T 

r 

0 

C 

x(r - e) 

V 

Lit. 

Gd(CiHi80i)<’- 









9H*0. 

a* 

14.6-291.6 


0 

7.06 



(S8) 

Co80« 

m 

77 . 3-280 . 6 

— 

46 

3.22 

4.27 

14.8 

(87) 

NI80 4 .7H»0 

m* 

160.6-292.2 

+ 

60 

1.077 

3.76 

14.6 

(.7) 

Ptf 

8 

326 -685 

— 

1124 

0.001663 

0.001651 

289 

( 44 > 

Pdf • 

S 

479 -722 

— 

226 

0.003043 

0 . 002997 

290 

( 44 ) 

F*,(NH4),(8O04.- 









24H.O 

m 

14 . 7-290 

1 


8.60 



( 7> ) 

Dy.O. 

m 

13.9-288.5 

l_ 

16 

27.6 



(78, 


■ i ■ w v f ~ 

* Values have been corrected for diamagnetiam of the anion and of the Wat4 
of crystallisation. 

t Valuta have been corroctod for diamagnetiam of the metal atom. 

Table 12. — Weiss’s Law as Applied to Paramagnetic Solids 
Variation of 0 with Molecular Constitution 

x(T — 0) => C; mean error in © = 2°, maximum error = 7°K 

unit of 0 = 1°K 


Anion* 


BOt.THiO 

(NHdKSO,)* 

(NH*)i(B04)*.«HiO, 

a* 


Ni ++ 

Co ++ 

Fo* + 

Fo +++ 

e 

Lit. 

e 

Lit. 

0 

Lit. 

0 

Lit. 

-79 

<") 

-45 

<") 

— 12 

( ,4 )t 

-66 

( I4 ;t 



-30$ 

(Hi) 

-31 

(57) 





-19J 

(57) 







-48 

(»°1) 





+69 

(87) 

-14 

( iT ) 

- 1 

(”) 









-12 

( I4 ir 

- 4 

<"> ! 

-22 

(") 

+ 3 

<"> 

0 

(75) 

+78$ 

(ill) 

+47 

(111) 

+ 30 

( l4 )t 

- 3 

(» 4 )t 

+ 38| 

<H>) 

+ 34 

( ,4 )t 






----- reuouoi, Fei(NH«)i(B04)4.24tliO 

*aa FeCli. 

t Computed from the data of (•*» ••). 
t At lower temperature*. 

S At higher temperatures. 

Table 13. Weiss’s Law as Applied to Solutions and a Pure 
Liquid: Values of 0 and Ranges of Validity 

x(T - O) - C; errors in C range from 0.1% to 0.2%. Dis- 
crepancies in 0 for a given ion are probably accidental. Solvent 
13 * unless another is indicated. Cone. = concentration, 

of solute per 100 g of solution, except where otherwise 
icated, unit of 9 — l°K; T ** absolute temperature, °K. 


Table 13. — ( Continued ) 


Solute 

Cone. 

Range of 
T 

0 

Lit. 

MnClj 

3.0 

293-373 

-28 

( 21 ) 


15.0 

293-376 

-25 

( 2l ) 


37.9 

293-371 

-24 

( 21 ) 

Mn(NOj)i 

6.4 

293-373 

-23 

(21) 


36.9 

293-372 

-27 

( 21 ) 

FeCl,* 

0.148 

290-400 

-11 

(“) 


0.148 

290-400 

+ 2 

(44) 


0.161 

290-400 

+ 1 

(“) 


0.183 

290-400 

- 4 

(44) 

Fe(NH 4 ) 2 (S 04 ),. 6 H, 0 t...| 

0.0315 

290-373 

0 

(“) 


0.0405 

291-384 

- 1 

(“) 

CoClj 

7.9 

283-413 

-11.6 

(29) 


14.8 

283-413 

-12.1 

(29) 

C 0 SO 4 .. 

4.1 

283-413 

-11.2 

(29) 


9.8 

283-413 

-12 

(29) 

Co(NO,) 8 

9.4 

283-413 

-12.4 

(29) 


0.076* 

290-400 

- 2 

(“) 


0.139* 

290-400 

- 3 

(“) 


0.139* 

290-400 

-17 

(“) 

NiClj 

4.6 

279-363 

0 

(123) 


4.6$ 

292-329 

0 

( l23 ) 


Satd.§ 

290-400 

0 

(“) 

Ni(NOi)i 

12.4 

293-370 

- 4.2 

( 21 ) 


44.4 

293-375 

- 1.4 

( 21 ) 

V 2 O 1 CI 4 . 5 H 2 OH 

100 

194-326 

-29 

(«S) 

1 

100 

194-326 

-45 

(88) 


*Conc. « grama of metal per 100 g solution; limit* of T only approximate, 
t Cone. = grama of Fe per 100 g solution; solvent is mixture of HxO and 
HtSOi. 

$ Solvent is H»G + 6.8% NH». 

5 Solution ia saturated, concentration ^20% Ni; limit* of T only approxi- 
mate. 

U A viscous liquid. 


Table 14. — Weiss’s Law as Applied t6 Mixture of Oi and N* 

( 89 ) 


Vo = volume of Oj contained in volume V at the same tem- 
perature and pressure. x(T — 0) = <?. Mean error in 0 ca. 0.2°; 
unit of 0 = 1°K; of x — 10“ 4 cgsm unit. 


Vo/V 

1 ( 8 ) 


KH 

t*t 

i 

i 

Mean C 

c 

316.8 

315.3 

EE 

315 


315 

315.2 

0 


-29.5 

hee 

-9.5 


-2.2 



Table 15. — Magnetic Moments [p] of Molecules and Ions of 

Paramagnetic Substances 

I. Molecules. Only O* and NO. Computation based on 
Langevin’s theory (p. 350) and assumption of a single fixed 
moment. 

II. Ions. Except where otherwise stated: For solutions, 
solvent is H 2 0, Wiedemann’s law is valid, and Curie’s law is 
assumed without having been established. For solid salts, 
Weiss’s law is valid within the “range” indicated. Computation 
is based on the Langevin-Weiss theory (p. 350). 

In column (1) is named the ion or molecule considered and in (2), 
the molecule ^from which it is derived. The pure substance is a 
solid salt unless the contrary is indicated by g = gas, or l =* liquid; 
[m] refers to the gram-ion (-molecule) or to the individual ion 
(molecule) according as [p]w = b* g ]w or [^ 0 )gr. (/,] « W[p) w . 

t = centigrade temperature, °C. 
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Table 15. — ( Continued ) 


8tate of eubetance 

Solution 

Pure 

(1) 

(2) 

W 

Lit. 

1 Range of t 

w 

| Lit. 

0* 

O, 




a 

14. Ij 

(•, »20) 

NO 

NO 




a 

9.16 

(6. 120) 

Cu 44 

Various 

9.5 \ 








9.8 } 

( ,4 ) 






CuCl* 



4- 20 

-+500 

10.0 

(61, 86, 118) 


CuS0 4 , 



-120 

- + 700 

9.96 

(51, 66, 118) 

Mn ++ 

MnClj 

28.05* 

( 21 ) 

-180 

-+630 

27.04 

(51, 66, 118) 





-f 15 

- + 575 

28.45 

(112) 


Mn80 4 

• 



+ 9 

-+270 

29.04 

(112) 





+ 280 

-+65Q 

29.04 

(112) 


Mn80 4 .4Hi0. . 



- 68.6-+ 28.5 

29.04 

( 44 ) 


Mn(NOi), 

28.07* 

(*>) 





Fe 44 

FeCh 



-182 

- + 200 

25.9 

(51, 65, 118) 

• 

FeCli.4HjO. . . . 



-180 

-+ 20 

26.0 

(61, 56, 118) 


FeSOi 



-177 

- + 660 

26.08 

(51, 56, 118) 


FeS0 4 .7Ht0. . . 

26.61 

(t*«) 

-173 

-+ 23 

26.0 

(51, 58, 118) 


Fe(NH 4 )i- 








(S0 4 )t.6HiO. . 

26.49 

<**•> 

- 73 

-+ 16 

25.97 

( 44 ) 

Fe 444 

Fei(S0 4 )». 



-180 

-+660 

29.00 

(61, 56, 118) 





+ 16 

-+575 

28.95 

(112) 


Fe.(NH 4 )»- 








(S0 4 ) 4 



-180 

-+400 

29.0 

(51, 86, 118) 

Co 44 

CoCl* 

25.06* 

(*•) 

+ 15.6- + 325 

24.96 

(112) 


CoS0 4 

25.03* 

(*•) 

+ 15 

- + 650 

25.00 

(112) 





-196 

-+ 16 

25.2 

(") 


Co80 4 f 

26 . 03* 

<*•> 

+ 8 

- + 422 

26.0 

(101) 


Co80i.7H«0. . . 



-209 

-+ 17 

25.04 

(57) 


Co(NH 4 )w 








(8O 4 )».0HiO. . 



-196 

-+ 17.5 

24.75 

(57) 


Co(NO.). 

25 . 02* 

(*». 44 ) 







25.54* 

( 44 ) 





Nl 44 

NiCit 

16.02* 

(1*. 1*. 

-120 

- + 360 

16.08 

(61, 66, 116) 




»»*) 









+ 15 

-+125 

16.03 

(112) 





+ 150 

— 1-500 

16.92 

(112) 


Ni80 4 

16.06 

(*«, 122) 

— 180 

Lion 

1 7 

/SI. 6 6* 1 1 8 \ 



A Ov 

-196 

T * 

-+ 16 

1 / 

16.9 

(") 


Ni(NOi)«. 

16.04 

(*«» 1**) 







15.96* 

(*») 






NiCl. + Ni80 4 








+ Ni(NOj)jJ. 

15.58* 

(1*«) 





Cr 44 

CrCli. : 

23.72 \ 








23.89 ) 

(* 7 ) 






CrSO^THtO. . . 

23.98 

( 1T ) 





Cr 444 

Cr*Oi.7H«0 . . . 



-164 

-+ 19 

19.07 

(61, 66,.118) 


CrCl« 



-167 

-+ 18 

18.87 

(61, 66, 118) 

• 




+ 250 

- + 550 

18.87 

(81, 86, 116) 


CrCU.4H*0. . . 

18.725 

( 4I ) 






CrCb.611,0.... 

18.775 

( 4 ») 






Cr«(80 4 )». 

18.89 

(”) 






Cr(NO,)»H 

18.99 

<**) 






V«0>Cl4.5H»01[ 

4* 



1 

7.94 

( #> ) 


V080 4 .36HiO. 

' 44 


- 79 

- + 100 

8.95 

(*•) 


Table 15. — (Continued) 


Rare earths; salt of type 

(18, 18, 74, 131, 1 82) ft 


Ion +++ 

La 

Celt 

Pr 

Nd Nd § § Sa 

W 

±6W 

SP 

0 


17.89 

0.3 

-0.6 

18.00 

0.3 

0.0 

18. 05 

1 

+0.3 

7.64(?) 


* WeM»’» law found to be valid, value of 0 waa found and used in computation. 

t Anhydrous salt prepared by calcining Co80«.7H*0. 

X Solvent is HtO + xNH*. 

| Hydrolysis is very weak and value of W cloeely approaches 19.00 as hydroly- 
sis is reduoed by addition of HC1. 

B Hydrolysis is very weak. 

Y A viscous liquid. 

•* Erculisse finds the same moments (W — 8 and 9) when V 4444 occurs in 
aqueous solutions (••). 

ft As Curie's law has been found to be valid for Gd>(S0«)>.8H«0 (tes p. 350), 
0 has been assumed to be 0 for the sulfates. SW — % uncertainty in W; iP - % 
departure of W from nearest integer. 

I* Ce»(SO*)*-6H»0. 

M Oxide. 


Ion +++ 


Eu 


Gd 


Tb 


DyH 


W 

17.92 

40.07 

47.92 

52.25 

52.00 

1 

52.00 

±SW 

0.1 

0.2 

0.4 

0.3 

0.3 

0.2 

SP 

-0.4 

+0.2 

-0.2 

0.5 

, 0.0 

0.0 


Ion +++ 


Er Er§§ 


Yb 


W 

46.98 

i 

47.09 

35.85 

■ 

21.74 | 

S3 

±SW 

0.3 

1 




SP 

-0.0 

+0.2 


-1.2 



65 Oxide. 

(c) Energy Quantization Theories . — The most thoroughgoing of 
several investigations modifying Langevin’s theory (p. 360) by 
introducing energy quantization, are those of Reiche (•*) and 
Rotzahn ( 98 ). The theory so developed for gases leads to relations 
which frequently accord with the data for solids more satisfactorily 
than do those of Weiss and others, especially at very low temper- 
atures. It accounts for the 0 in Weiss's law and permits the 
computation of the value of x at 0°K, but it is consistent with 
only that type of cryomagnetic anomaly. in which- d(x“*)/dP 
decreases with T. For the equations and their derivation, see 

(67, 69). 

Table 16. — Reiche-Rotzahn Theory as . Applied to Para- 
magnetic Solids: Illustrative 
xo =“ value of* x at 0°K; xob.., x«ie. = observed ( #1 » 76 » 79 ), 
calculated from Reiche-Rotzahn theory by means of parameters 
derived from the observations. A « (xo*w. — x<*io.)/x«io; A* • 
mean value of A; [A]» =» mean of the absolute values of A (irrespec- 
tive of sign); hi]* and [p\i = W of the gram-molecule, as derived 
from the Reiche-Rotzahn and the Langevin theory, respectively. 
Range of T = range over which the theory accords with obser- 
vations. (x^iKxTW = value of xT at the lowost (highest] 
temperature of the range. Values of (mJa are from ( 8 ); unit of 
x = 10“ 6 ; of A m and (A]» = 1%; of Ms and [p]l “ 10"*°; T “ 
absolute temperature, °K. 


Solid 


MnS0 4 

MnS0 4 .4H,0 
FeS0 4 .7Ht0. 
Fej(S0 4 )j. . . . 


Range of T 

19 : 4-293. 9 
14.4-288.7 
14.7-293.2 
64.0-289.8 


Solid 

Mn80 4 
MnS0 4 .4Hj0 
FeS0 4 .7H»0. 
Fej(S0 4 )i 


Range of T 

19.4- 293.9 

14.4- 288.7 
14.7-293.2 
64.0-289.8 


mm 

1 (xT)> 

i a. 

9 158 


+0.50 

17 755 

19 141 


11 113 

12 394 

+0.17 

11 334 

15 446 


fAl_ 1 xo 1 M* 1 Mr 


0.92 

658 

5.35 

0.88 

7 294 

5.45 

0.41 

3 365 

4.90 

0.27 

286 

6.84 


6.12 
5.13 
4.82 

7.11 

The Zeeman 


( d ) Spatial Quantization Theories (® 7 > ,03 * ,04 ).- 
spectroscopic effects suggest a spatial quantization of the axes of 
the elementary magnets. Pauli ( 87 ) introduced thia assumption 
into Langevin ’8 theory for gases (p. 360). As modified by Sommer- 

feld it gives x.T(=C.) - where M.and 

ji refer to the atom, and [p] - gjdpole (tee p. 346). Hence 
VSSC./NMB(-2.83y/C m ) = + D- In certain cased; 

g and j\ can be determined with considerable certainty from 
chemical and spectroscopic data. The most conspicuous success 
in verifying the formula by such means has been obtained by 
Hund with the triply ionized rare earths, Z = 57 to Z ® 71 (tee 
Table 17). Similar attempts with ions of elements from Z * 1 
to Z * 29 have been only partially successful, probably because at 
ordinary temperatures the atoms are not all in the state of exci- 
tation assumed to characterize the gas. For attempts at corre- 
lation between atomic constitution and magnetic moments, Z m 
18 to 29, see (*«» 3 «» ® 3 , ««> 104 ), For discussion of other theories 

of spatial quantization, see ( 73 ). 
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Table 17. — Pauli-Sommerfeld Theory as Applied by Hund to 

the Rare Earths ( 53 » 54 ) 

This theory requires that 2.83 \/Cl ( =2.83\/ Xa T) shall equal 
gVjiiji + 1)» where g and j\ are numbers determined from spec- 
troscopic and chemical data; gj\ — [h]/[hq]b 3 B. In the follow- 
ing it is supposed that the 43 3 and lower shells are completed, and 
that the 5i, 52, and 53 shells contain 2, 2, and 4 electrons, respec- 
tively. In columns (3), (4), and (5) are given the number of 
electrons in the shells 44, 44 3, and 444; in (6), the fundamental 
spectral term; in (9) B c = W / 5 for solid salt (Table 15); in (10), 
gy/jiiji -f- 1), computed value of 2.83\/ Xa T ; in (11) and (12), 
values of 2.83\/ Xo T as determined by Cabrera ( 20 ) and Meyer 
( 74 ). Columns (4), (5), and (9) are not given by Hund. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(ID 

(12) 

z 

Ion* 

44 

443 

444 

Sp. 

• 

Ji 

0 

Be 

comp. 

obs. 

obs. 

67 

La 

0 

0 

0 

»S 

0 

8 

0 

o.oot 

0 

0 

58 

Ce 

1 

1 

0 

*F 

i 

9 

2.38 

2.54 

2.39 

2.77J 

69 

Pr 

2 

2 

0 


4 

1 

3.58 

3.58 

3.60 

3.47 

60 

Nd 

3 

3 

0 

*J 

? 

A 

3.60 

3.02 

3.62 

3.51 

61 


4 

4 

0 


4 

3 


2.68 



62 

8a 

6 

5 

0 

•// 

9 

? 

1.53 

0.84 

1.54(?) 

1.32 

63 

Eu§ 

6 

6 

0 

ip 

0 

8 

3.58 

o.oot 

3.61 

3.12 

64 

Gd 

7 

6 

1 


l 

2 

8.01 

7.9 

8.2 

8. 1 

65 

Tb 

8 

6 

2 

7 F 

6 

i 

9.58 

9.7 

9.6 

9.0 

00 

Dy 

9 

6 

3 

*H 

¥ 

9 

10.45 

10.6 

10.5 

10.6 

07 

Ho 

10 

6 

4 


8 

9 

10.4 

10.6 

10.5 

10.4 

08 

Er 

11 

6 

5 

V 

¥ 

8 

9.4 

9.6 

9.5 

9.4 

09 

Tm 

12 

6 

6 

»// 

6 

l 

7.2 

7.5 ! 

7.2 

7.5 

70 

Yb 

13 

6 

7 

* p 

I 

9 

4.4 

4.5 

4.4 

4.0 

71 

Lu 

14 

6 

8 

l S 

0 

S 

0 

O.OOfl 

0 

0 


* Element* are triply ionised. 


- t Assumes o - 0. 

X Perhaps Pr + * ++ . 

i Discrepancy may be due to Gd as an impurity, or a considerable fraction of 
the Eu ions may not be in fundamental state. 
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The volume susceptibility (*), the specific susceptibility (x), 
the magnetic field intensity (//), the magnetic induction ( B) f 
and the density (d) of, the material are related as indicated by 
the equations: B — (1 ■+■ 4tk)//, x * */d. In the following 
tables, the older measurements based upon * for water have, so 
far as possible, been reduced to the basis of k ~ —0.720 X 10" # for 
water at 20°C, which is the value now accepted for such work. 
The older measurements assumed k = —0.76 X 10“* or —0.79 X 
10~ a . When not otherwise specified, room temperature is to be 

understood. 


Table 1.— Volume Susceptibility (*) or Gases 
Temperature = 20°C and pressure ■» 1A D except as noted; M = 



Table 2. — Specific Susceptibility (x): Elementary 

Substances 


g * gas at 1 atmosphere, 1 = liquid, 8 =■ solid, t - centigrade 
temperature, M - mean value; temperatures connected by ) 
indicate the range over which x has been found to have the value 
stated; unit of x = 10 _< 


A-Table 



A* 


Ag.— 

(Continued) 

t 

X 

Lit. 

t 

% 

X 

20 

—0.460 

( 47 ) 

970 \ 

—0.281 


Ag. 


1000 J 

18 

-0.20 

M 

1125 

-0.291 

- 170 

-0.16 

(79) 


A1 

- 140 

-0.17 


18 

0.63 

80 

-0.18 


- 170 \ 

0.60 

- 40 

-0.19 


is ; 

18 

-0.20 


18 

0.66 

23 

-0.20 , 

(") 

230 

0.64 

270 

-0.23 


500 \ 

0.67 

640 

-0.24 


667 J 

• 

946 

-0.26 . 


668 \ 

^ 

0.671 

• Em Table 

1. 


1000 J 




M 

( 7f ) 

(•») 




Table 2. — (Continued) 
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Table 2. — ( Continued ) 


t 

20 

170 

44 

20 

46 

120 


18 

258 

253 

196 

103 

61 

23 

18 

170 

100 

60 

0 

18 

18 

200 

470 

750 

940 

1230 


170 

100 

20 

200 

400 

600 

900 

970 


18 

170 

140 

100 

60 

20 

18 

18 

250 

450 

700 

960 

1220 


X 

0.90* 

0.90* 

0.67 f 

0.90/ 



Pb 

- 0. 12 
-0.14 
-0.13 
- 0.12 

- 0.12 

—0.08/ 


Pd 

6.4 

10.9 

9.9 
8.1 

6.9 
6.0 
5.8 

5.3 

6.7 
6.2 

5.8 

5.4 

5.2 
5.8 

4.6 

3.4 

2.6 

2.2 

1.7* 

Pr 

90 

53 

25 

14 

11 

8 

71 


Pt 
1. 10 
1.31 
1.24 
1.20 
1.17 
1.13 
1.10 
1.10 
0.66 
0.56 
0.45 
0.37 
0.30 


Lit. 

M 

( 51 , 79 ) 

( 20 ) 

( 51 ) 


M 

( 79 ) 


( 51 ) 

( 51 ) 


M 

( 77 ) 


( 79 ) 


(51) 


( 79 ) 


(79) 


M 

( 79 ) 


(51) 



18 

■ 180 
■ 100 
• 40 
18 
18 
280 
500 
730 
915 
1140 

18 

170 

100 

40 

18 

18 

650 

750 

1000 

1100 


18 

175 

18 

18 

80 

150 

300 

550 

640 

800 



18 

18 

18 

230 

18 

240 

400 




Rb 

x 

0.09 

0.08 

0.09 
Rh 
1.11 
0.90 
1.02 
1.05 
1.08 
1.14 
1.31 
1.46 
1.52 
1.74 
1.86 
Ru 
0.50 
0.55 
0.50 
0.46 
0.43 
0.56 
0.64 
0.65 
0.70 
0.75 
S 

-0. 49* 
-0.49* 

—0.49/ 

Sb 

- 0.87 

-0.82 

-0.92 

-0.89 

-0.77 

-0.55 

-0.49 1 

Se 

-0. 32 

-0.32 


-0.32/ 

Si 


Lit 

M 

( 7 9 ) 

( 53 ) 

M 

( 7 9 ) 


( 51 ) 


M 

(79) 


(51) 


M 

(51,79) 
(51, 7 9) 

M 

( 79 ) 

(51) 


(51) 

M 

(51,79) 

(51) 


- 0. 13 

M 

-0.13 

(51,7.) 

Sn 

0. 026 

0.02 

M 

(7.) 

0.027 

(5.) 

-0.35 J 

'(51) 

-0.036/ 

(*«) 


• White, t Red. t Rhombic, f Gray, 


356 


INTERNATIONAL CRITICAL TABLES 


Table 2. — ( Continued ) 



Table 3. — Specific Susceptibility (x): Pure Inorganic 

Compounds 

t = centigrade temperature; g = gas at 1 atmosphere; l — 
liquid; 8 = solid; Aq = determined from measurements of aqueous 
jolutioDs, assuming the simple additivity relation is applicable to 
St. Meyer’s original data ( 73 ) assume for Hg, at 18°C, x = 
-0.151 X 10“*; for this table they have been multiplied by 19/15; 
unit of x — 10~ a cgsm. 


3-Table, Standard Arrangement; v. Vol. Ill, p. viii 


F orm ula 

t 

X 

Lit. 

H*0 

20 

- 0.7 20? 

M (*». 




58 , 89 , 




• 8 , 122 , 




125 ) 


-120 to 0 

- 0.6998 

( 55 ) 

HQ 

22 

- 0.661 

( 32 ) 

SO* 


- 0.2851 

( 82 ) 

SO, 

16 

- 0.289 

(•*) 


Table 3. — ( Continued ) 


Formula 

i t 

1 X 

| Lit. 

H*S0 4 

22 

- 0.441 

(»)■ 

HaSeO, 

18 

- 0.36 

(T3) ■ 

Te0 2 

18 

- 0.14 

(«) 

K 2 TeO, 

15 

- 0.24 

( 7 ») 

HjTe0 4 

18 

- 0.43 

(73) 

NO 

22 

48.66(7 

(100) 

NOi ; 

135 

3.2fy 

(100) 

NtO 

12 

- 0.429/ 

(100) 


16 

- 0.4290 

(100) 

NjO, 

18 

- 0.206t 

(100) 

n,o 4 

- 16 

- 0.2768 

(100) 

NjO, 

16 

- 0.3328 

(100) 

NH, 

16 

- 1.10 

(»>) 

HNO, 

22 

- 0.467 

(32) 

NH 2 IISO, 


- 0.441 

(84) 

p 2 o 6 

18 

- 0.46 

(73) 

(NH 4 )H 2 P0 4 


- 0.50 

( 7I ) 

As 2 0, 

18 

- 0.27 

(73) 

AsjS, I 

18 

- 0.03 

(73) 

SbjO, 

14 

- 0.19 

( 71 ) 

SbF, 


- 0.255 

( 84 ) 

SbCl, 


- 0.364 

( 82 ) 

SbCL 


- 0.371 

( 82 ) 

SbBr, 


- 0.275 

( 82 ) 

Bi a O, 


- 0.170 

( 32 ) 

HBiO, 

15 

- 0.22 

(”) 

BiCl, 


- 0.322 

( 44 ) 

BiBr, ' 


- 0.328 

( 44 ) 

Bil, 

20 

- 0.49 

(»3) 

Bi 2 S, 


- 0.385 

( 44 ) 

Bi*Se, 


- 0.342 

( 44 ) 

Bi(NO,),.5H,0 


- 0.365 

( 44 ) 

CO, 

20 

- 0.4230 

( 100 ) 

cs, 


- 0.54 

( 71 ) 

Bii(COi), 


- 0.16 

( 73 ) 

Si0 2 (cf. p. 341) 


- 0.493 

( 83 ) 

SiO(OH), 


- 0.427 

( 83 ) 

.A A\ 

Si(OH) 4 


- 0.443 

( 83 ) 

,0 9\ 

SijO(OH) 4 


- 0.429 

( 83 ) 

,« 4 |\ 

Sici 4 : 


- 0.537 

( 82 ) 

SiCl,.SiCl, 


- 0.613 I 

( 82 ) 

SiHCl, 


- 0.515 (**) ‘ 


SiBr 4 

Si(OC,H*) 4 . . . 
Si,0(0C a H 4 ) 4 
SiC*H*Cli . . . . 
TiOi 

TijOft 

TiS, 

TijSi 

ZrOj 

SnO 

SnOj 

Sn,0« 

SnO(OH)t 

Sn(OH) 4 

SnCli 

SnCL 

SnBr 4 

SnS0 4 

Sn(CH,) 4 

Sd(CiH#) 4 . . . . 
Sn(C 4 Ht) 4 . , . . 


15 

17 

15 

16 


18 


18 


0.360 

0.663 

0.635 

0.593 

0.066 

8.1 

0.56 

0.91 

0.112 

0.11 

0.050 

0.33 

0.278 

0.321 

0.37 

0.442 

0.354 

0.29 

0.218 

0.138 

0.085 


( 83 ) 

( 83 ) 

( 82 ) 

( 115 ) 

( 113 ) 

( 113 ) 

( 115 ) 

( 73 ) 

( 73 ) 

( 73 ) 

( 73 ) 

(“) 

( i4 > 

( 7S ) 

(•>) 

c 61 ) 

( 7S ) 

( 82 ) 

( 82 ) 

( Bf ) 
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Table 3. — ( Continued ) 


Formula 


SnO(OH)(CHi) 

PbO 

Pb,0 4 

PbFj 

PbCli — 

PbBr, 

Pbl,. 

Pb(NO«)i 

Th(NO,) 4 

InCl. 

IbjSi 

T1C1 

T1C1, 

T1,S0 4 

T1NO, 

ZnO 

Zn(OH), 

ZnClj 

ZnBrj 

ZnS0 4 .7Hj0. . . 

CdO 

CdCl, 

CdBr, 

Cdl, 

HgO 

Hgci: 

HgCli 

HgBr, 

Hglj 

HgS 

HgccH,),...;; 
Hg(C*H fc )i. . . . 

Hg(C 4 H»)j 

Hg(CiH n ), 

CuO 

Cu,0 

Cu(OH),.CuO. 

CuClj . ; 


CuCl,.2H,0 

CuBr, 


CuS 

Cu,S. 

CuS0 4 

^uS0 4 .H,0. ...... 

Cu80 4 .5H*0.. 

CutSe 

Cu (NO,),.6HaO... 

CuC1,.2NH 4 C1 

^C1|.2NH 4 C1.2HjO 

Cu,P, 

Cu(CH,CO,) J .H t O . . 

Aga 

AgBr 

Agl 

AuCl, . . 

PtCl,.... 

ptci 4 

^H 4 ),Ptci f . 



X 

Lit. 

Formula 

1 

X 

| Lit. 


- 0.324 

(84) 

MnO 

-189 

89.9 

(53) 

18 

- 0.13 

(7J) 


21 

75.9 

(53) 

18 

- 0.24 

(73) 


419 

51.8 

(53) 

16 

- 0.24 

(73) 

MnO, 

-186 

75.9 

(53) 

15 

- 0.32 

(73) 


21 

38.4 

(53) 

20 

- 0.28 

(73) 


503 

22.7 

(53) 

19 

- 0.33 

(73) 

Mn a Oi 

-184 

150.0 

(53) 


- 0.248 

(U2) 


21 

69.0 

(S3) 


- 0.14 

(73) 


388 

42.9 

(S3) 

18 

- 0.39 

(73) 


928 

29.5 

(53) 

20 

- 0.19 

(73) 

Mni0 4 

. -175 

126.0 

(53) 

20 

- 0.19 

(73) 


20 

55.8 

(53) 

20 

- 0.23 

(73) 


497 

34.9 

(53) 

20 

- 0.25 

(73) 


1081 

25.6 

(53) 

20 

- 0.20 

(73) 

Mn(OH), 


49 

(93) 


- 0.362 

(32) 

MnFa 

18 

155Aq 

(05) 


- 0.487 

(127) 

MnCla 

-179 

393 

(55) 

22 

- 0. 47Aq 

(82) 


24 

107.0 

(55) 

19 

- 0.40 



556 

35.8 

(55) 


- 0.48 


MnBrj 

18 

68Aq 

(65) 

15 

- 0.30 

(73) , 

Mnlj 

18 

47 

(65) 

18 

- 0 32 

(73) 

MnS 

10 

44.32 

(116) 

18 

— 0.38 

( 73 ) | 

MnS0 4 

-178 

261.0 

(53) 

18 

- 0.32 

(73) 


24 

88.5 

(53) 

16 

- 0.24 

(73) 


747 

30.0 

(S3) 

19 

- 0.23 

(73) 

Mn 6 N 2 


15 000 

(55) 

17 

- 0.19 

(73) 

Mn(NOa) 2 .6HjO 


45.5 

(32) 

15 

- 0.30 

(73) 

MdS0 4 .(NH 4 )jS0 4 .6H 3 0. . . | 

- 258 . 26 

756 

( 57 ) 

17 

- 0.33 

( 73 ) 


-252.76 

547 

(3 7 ) 

16 

- 0.23 



-195.74 

141.4 

(5 7 ) 


-46 

(85) 


-104.0 

65.6 

( 57 ) 


-40.8 

(83) 


16.6 

37.8 

( 57 ) 


-36.1 

(83 

MnP0 4 


69Aq 

(II 7 ) 


— 35 4 

(83) 

Fe»Oi 

18 

20.6 

(53) 


3.8 

<..!> 

Fe(OH), 


157 

( 73 ) 


1.2 

(12?) 

FeF 8 .3H a O 

-162 

55.0 

(55) 


5.0 

(I 2 7 ) 


17 

47.3 

(55) 

L59 

19.50 

( 55 ) 


99 

42.8 

(55) 

19 

9.10 

( 55 ) 

Fed* 

-182 

449 

(65) 

503 

3.82 

( 55 ) 


17 

101.2 

(55) 

17 

8.35 

( 36 ) 


473 

36.8 

(55) 

177 

2.88 


FeClj.4HjO 

-181 

210.0 

(55) 

99 

3.30 

( 55 ) 


19 

60.1 

(55) 

31 

3.10 

(5&) 


65 

52.3 

(55) 

282 

2.25 

( 55 ) 

FeCl, 

-174 

252.0 

(SS) 

17 

- 0.20 

( 73 ) 


20 

86.2 

(55) 

18 

- 0.18 

( 73 ) 


135 

60.9 

(55) 


8.6 

(36) 

FeBrj 

18 

48Aq 1 

(85) 


8.6 

(36) 

Fela 

18 

40 Aq ( 6 ») 


5.9 

(36) 

FeS0 4 

-258.7 

335 ( 5T ) 

17 

- 0.19 

( 73 ) 


-253.0 

402 ( S7 ) 


5.50 

( 32 ) 


-195.8- 

200.4 ( S7 ) 

17 

5.23 

( 36 ) 


-103.5 

107.2 ( 57 ) 

17 

4.95 

(36) 


17.1 

67.6 ( S7 ) 

18 

- 0.23 

( 73 ) 


19 

74.2 ( 5S ) 


3.27 

(32) 


642 

24.0 ( ss ) 

17 

- 0.35 

( 73 ) 

FeS0 4 .7H,0 

-259.17 

757 ( 

57 ) 

19 

- 0.33 

( 73 ) 


-252.77 

555 ( 

57 ) 

19' 

- 0.37 

(73) 


-195.65 

154.5 ( 

5 7 ) 

21 

0.43 

( 73 ) 


16.5 

41.5 ( B7 ) 

15 

- 0.024 

(73) 

Fea(S0 4 )i 

-177 

133.2 ( 5S ) 

22 

O.OAq 

(62) 


23 

57.3 ( ss ) 


- 0.42 

(36) 


658 

20.9 ( 5 ») 
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Formula 

t 

X 

Lit. 

Fe(NO,),.6H,0 


31.3 

(32) 

FeF|.NH 4 F 


66.1 

(38) 

FeF1.2NH4F.HjO 


73 

(36) 

FeCl|.2NH 4 Cl.HiO 

-199 

132.7 

(55) 


-100 

74.3 

(55) 


16 

47.3 

(55) 

FeSOj.CNHjJjSO. 

18 

43Aq 

(65) 

Fe80..(NH4),S0 4 .6H,0.... 

-258.6 

547 

(57) 


-252.8 

413 

(57) 


-196.0 

121.6 

(57) 


17.2 

- 32.6 

(57) 

Fe,(S04)..(NH t ) I SO, 

-178 

151.9 

(55). 


28 

50.5 

(55) 


410 

23.0 

(55) 

Fe,(SO,),.(NH.)^04.- 



24H,0 

-258.4 

598 

( 77 ) 


-253 

432 ^ 

( 77 ) 


-196 

114.7 

( 77 ) 


17 

30.4 

( 77 ) 

Fe(CO)« 

19 

- 0.40 

(5°) 

Cu[Fe(CN)*NO] 


5.73 

(45) 

CuIFe(CN),NO).2H,0 


4.67 

(46) 

CoO 


74.5 

(I2 7 ) 

CotOj , 


34.3 

(12 7 ) 

C01O4 


39 to 43.6 

(12 7 ) 

CoF, 

18 

103Aq 

(65) 

CoCltT. 

-180 

403.0 ; 

(55) 


25 

90.5 

(55) 


628 

26.5 

(55) 

CoBrj 


46.8Aq 

(33) 

Colj .... - 

18 

32Aq 

( 65 ) 

C0SO4 

- 258 . 33 

462 

( 57 ) 


- 252 . 65 

379 

( S7 ) 


-195.83 

169.7 

( 57 ) 


-103.33 

97.0 

( 57 ) 


16.6 

62.2 

( 57 ) 


22 

59.6 

( 55 ) 


707 

18.8 

( 55 ) 

CoS0 4 .H 2 0 

* 

53.6 

( 36 ) 

CoS0 4 .7H 2 0 

- 258 . 34 

536.9 

( 5 7 ) 


-252.7 

403.0 

( 57 ) 


-195.62 

. 

126.5 

( 57 ) 


-103.6 

61.6 

( 5 7 ) 


19.9 

37.0 

( B7 ) 

CoHj(804) 2.6H|0 


64 

( 34 ) 

Co(N0,),.6H,0 


33.1 

( 32 ) 

(Co(NH,)*H 2 0](NO,),.H 2 0 

1 

0.112 

( 36 ) 

[(Co(NH,),) i O](NO,) 4 .- 




2HjO 


*- 0.092 

( 36 ) 

[Co(NH,) 4 C1,]C1 


- 0.022 

( 36 ) 

(Co(NHt)4Cl]Clj 


- 0 295 

( 36 ) 

(Co(NH,),)Cl, 


- 0.38 

( 36 ) 

[Co(NHi) 4 H a O]Cla 


' - 0 306 

( 36 ) 

[Co(NHi)«]I a 


- 0.10 

( 36 ) 

CoS0 4 .(NH 4 ) 2 S0 4 

19 

37 Aq 

( 93 ) 

CoS0 4 .(NH 4 )aS0 4 .6H 2 0.... 

-258.32 

. 322 

( 57 ) 


-252.8 

241 

( 57 ) 


-195.82 

78.4 

( 5 7 ) 


27.7 

24.6 

( 57 ) 

[CoCNHaJaHSOalaSOa 


- 1 33 

( 36 ) 

[Co(NH,)«]i(S04)a.5H 2 0 . . . 


- 0.315 

( 36 ) 

Co[CH(COCHa)i]t 


30.2 

( 36 ) 



( Continued ) 

Formula ' t 

Co(C*Ht6,), —134 

- 20 
28 

ICoINHOsHjOJsICtOJi 

CoSO4.CuSO4.6HtO 

NiO 

Ni(OH)j. 

NiF, 18 

NiCl,, -163 

24 
847 

NiBr, 18 

NiS0 4 -258.4 

- 252 . 77 
-195.7 
-103.9 
15.9 
24 
343 
763 


NiS0 4 .Hj0. 

NiS0 4 .6H 2 0 

N1SO4.7H2O 


NiS0 4 .(NH 4 )*S04.6H,0 


Ni(NO*)*.6HjO 
Ni(CO) 4 . ..... 

CrO, 

Cr 2 0« 


Crj0,.4H 2 0 


Cr*0|.7Hj0 


-258.5 
- 252 . 77 
-195.81 
-103.5 
19.1 
-258.6 
-252.8 
-195.95 
-103.6 
13 4 

19 

17 

142 


Cr(OH) 2 

H,Cr04 

Cr 2 (0H)«.II 2 0 

CrCl 2 

CrCli 


Cr 2 OCl 4 (violet). . . 
(green). . . 

CrS 

Cr^* 

CrjS 4 

CrS0 4 

Cr 2 0(S0 4 ) 2 (violet) 

(green) 
Cr 2 (S0 4 )j 


-168 

19 

806 


20 

18 

16 


X 

1.157 
0.644 
0.569 
- 0.218 
26 

53.7 
48.3 
44Aq 

265.7 

44.7 
10.0 
19Aq . 
80.6 

81.7 

62.8 
39.9 

26.7 

27.1 

15.0 

10.2 

24.1 
15.6 

294.0 

222.0 
77.3 

34.8 
16.0 

207.5 

150.4 

39.5 
18.93 
10.68 

13.6 

- 0.481 
0.51 
0.51 


-186 

20.1 

- 64 

22.2 

18 

25.5 

117 

25.6 

797 

16.4 

1335 

12.6 

-183 

110.5 

- 88 

61 .4 

16 

41.1 

-164 

93 5 

- 68 

54.9 

19 

40.0 

48 . 5Aq 

17 

0.70 


-180 


45.5 

84Aq 

176.5 

44.3 

10.3 
46Aq 
43 A q 

28.4 

23.3 

33.3 
66 A q 
38Aq 
36Aq 
97.0 


(»*) 

(”) 
(«) 
(») 

(«) 

(nr, 

(liT) 

( 61 ) 

(”) 

( 66 ) 

( 66 ) 

(«) 

(6T) 

(”) 

(") 

( 67 ) 

( 67 ) 

(”) 

(”) 

( 66 ) 

( 66 ) 
( 66 ) 
( 67 ) 
( 67 ) 
( 67 ) 
( 67 ) 

(”) 

(”) 
( 67 ) 

( 67 ) 

( 67 ) 

( 67 ) 

( 62 ) 

(«)' 

( 66 ) 

( 66 ) 
( 66 ) 
( 66 ) 

(”) 

(«) 

( 66 ) 

( 66 ) 

( 56 ) 

( 56 ) 

( 56 ) 

( 55 ) 

( 56 ) 

( 56 ) 

(»‘) 

(”) 

( 1 * 7 ) 

( 117 ) 

(«) 

(“) 

(”) 

(»*) 

( 16 ) 

( 116 ) 

( 116 ) 

( 116 ) 

(«') 

(«') 

(«*) 

( 56 ) 
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Table 3. — ( Continued ) 


Formula 


Oi( 804 ) s. — (C onlinued ) 


Cr,(S0 4 ),.9H,0 

Cr(NOs)i.9HiO 

(Cr(NH,) 4 .C,0 4 ](Cr- 

(NH,),.(C,0 4 ),].3H,0 

[Cr(NH,) 4 ][Cr(C,0 4 )i].- 

3H|0 

(Cr(NH,) 4 ][Co(C,0 4 ),].- 

3HjO 

[Cr(Cf0 4 ).][Co(NHi) 4 J.- 

3H,0 

MoO, 

MoOj 

MojO 

M 01 O 1 

H|Mo0 4 

Mo8, 

WO, 

H.WO, 

UO, 

UO, 

U.O, 

UC1 4 

UO,(NO,), 

VO 

VO, 

VA 

v, 0 , 

V8 

VA 

VA 

nh 4 vo, 

Cb,0, 

H.TaA. 

B*0, 

h,bo,. . . 
bn 

AljO, 

A1A.2H,0... 

A1C1, 

AlBr, 

A1,(S0 4 ), 

8c, 0, 

8c, (80 4 ) lt ... 

8c(N0,), 

8c,(C,0 4 ), 

Y,0,. ... 

yci,.... 

y*(so 4 ), 

Yi(C0i),.3h,0. . 

l»ci, ;;; 

^1(80,),... 

wno.), . 2nh.no.: : 

CeCl,.'. 

CeBr,....; 

^«(8o,),...; 

gwo,uKa,»b,..:: 



PfA 


t 

X 

Lit. 

21 

29.5 

(55) 

650 

9.7 

(55) 

17 

23.2 

(55) 


13.75 

(32) 


24.4 

(36) 


24.4 

(36) 


15.5 

(36) 


11.65 

(36) 

20 

0.33 

(116) 

20 

0.88 

(116) 

16 

- 0 35 

(73) 

16 

0.30 

(116) 

14 

- 0.015 

(73) 

16 

- 0.33 

(73) 

15 

0.81 

(H6) 

18 

- 1.1 

(73) 

17 

7.5 

(116) 

16 

1,08 

(116) 

15 

0.95 

(116) 

19 

- 0.40 

(73) 

15 

- 0.44 

(73) 

15 

50.1 

(116) 

13 

3.73 

(116) 

15 

13.9 

(116) 

15 

* 0.85 

(116) 

16 

7.22 

(116) 

16 

8.95 

0 

(116) 

15 

12.6 

(116) 

15 

- 0.12 

(73) 

20 

- 0.10 

(73) 

20 

0.29 

(73) 

14 

- 0.55 

(73) 


- 0.52 

( 71 ) 

15 

0.0 

(73) 


- 0.098 

(127) 


- 0.337 

(127) 

19 

- 0.60 

(73) 

19 

- 0.32 

(73) 

18 

- 0.48 

(73) 


- 0.018 

( 7l ) 


- 0.33 

(114) 

21 

0.0 

( 7 3) 


- 0.25 

( 71 ) 

22 

0.53 

(124) 

17 

20 

(73) 


- 0.24 

(114) 

20 

9.2 

(73) 

24 

- 0.40 

(124) 

15 

5.6 

( 73 ) 


- 0.30 

(114) 

15 

- 0.29 

(73) 


0.39 

( 71 ) 

19 

6.1 

(73) 

18 

6.0Aq 

( 27 ) 


7.8 

(114) 

16 

4.2 

( 7 3) 

20 

3.4 

( 73 ) 

15 

9.0 

( 73 ) 


15.6 

( 76 ) 





Formula 

Pr.07 

PrCl, 

Pr,(S0 4 ), 

Neodymium oxide 


Nd,0, 

Nd,(S0 4 ), 

Nd(NO,),.2NH 4 NO, 

Nd(N0,),.2NH 4 N0,.4H,0. 

Nd,(C,0 4 ), 

Sa,0. 


SaS0 4 

SaS0 4 .8H,0 
Gd,0, 


GdCl, 

Gd,(80 4 ), 

Gd,(S0 4 ),.8H,0 


Gd,(C,0 4 ), 

Gd(C,H^0 4 ),.9H,0 


Dy,0 


Ho,Oi . . . . 
HoCl,. . . 
Ho(NO,), 
Er,0, .... 


ErCl, 

Er,(S0 4 ), . . . 
Er,(C,0 4 ),. . 

Yb,0, 

YbCl, 

HfO, 

BeO 

Be(OH), 

BeCl, 

BeS0 4 

BeS0 4 .4H,0. 
BeCO,.2BeO 

MgO 

MgCl, 

MgCl,.6H,0 

MgBr, 

MgSO, 

MgS0 4 .7H,0 

MgCO, 

MgC0,.3H,0 

Mg(CjH,S0,),.2H,0 


t 

1 x~ 

15 

16 

19 

17 


13.7 

23 

29.3 

179 

19.8 

283 

16.6 


30.3 


18.3 

18 

11 

18 

8.7 


14.7 

22 

6.02 

102 

5.93 

270 

5.98 


3.43 


2.6 

20 

130.1 

180 

85.5 

280 

67.8 

18 

91 


92.6 

•259 2 

1468 

-256.1 

1229 

-252.8 

1039 

17 

72.9 


25 

258.5 

699 

253 

154 

104 

59.1 

18 • 

34.3 

259 

2334 

253 

1915 

103 

375 

16 

229 

180 

153.9 

300 

122.6 


243 


172 


123.6 

20 

189.1 

180 

124.4 

280 

102.2 

18 

114Aq 


118 


94 


38 


25Aq 


- 0.110 

16 

0.0 


- 0.537 

17 

- 0.60 

18 

- 0.46 

17 

- 0.51 

15 

- 0.34 

17 

- 0.25 

18 

- 0.58 

18 

- 0.57 

20 

- 0.57 


— 0.45Aq 


- 0.551 


- 0.51 


- 0.525 


- 0 525 


Lit. 
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Form uia 


CaO 

Ca(OH) 2 

CaF 2 

CaCli 17 

CaC),.6H 2 0 17 

CaS0 4 

CaSO^HaO 

CaCO> 

SrO 20 

SrF 2 

SrCl 2 20 

SrBr 2 19 

Srl 2 19 

SrS0 4 

SrCO, 

BaO 20 

Ba(OH) 2 18 

Ba(0H) 2 .8H 2 0 

BaF 2 

BaCl 2 

BaCl 2 .2H 2 0 

BaBr 2 

BaBr 2 .2H 2 0 

Bal 2 22 

BaI 2 .2H 2 0 19 

BaS 18 

BaS0 4 

BaS 2 06.2H 2 0 

Ba(NOj) 2 

Ba 8 (AsOj) 2 

BaCOj 

Ba(Mn0 4 ) 2 

LijO 20 

LiCl 

Li 2 S0 4 15 

Li 2 S0 4 .H 2 0,. 17 

LiNO, 19 

Li, CO, 

NaOH 17 

NaF 21 

NaCl -150 

18 
362 
933 
18 



NaBr 

NaI.2H,0 

Na>S0,.7H 2 0 

NajSO 4 .10H t O 

Na 2 S 2 0, 

NaNO, 

NaH,P0 2 

Na 2 HPO, 

Na 2 HP0 4 

As0(0Na),.12H 2 0. . 

Na,CO, 

Na 2 CO,.10HjO 

NaHCO, 

»NaC,H,0,.3HjO . . . . 
CH a AflO(ONa)j.HjO 
SnO(ONa),.3HjO. . . 







0.27 
.39 
..360 
.49 
.54 
.364 
.384 
.382 
0.060 
0.296 
.56 
.39 
0.44 
.315 
i.316 
'.13 
i.32 
'.497 
i.291 
.41 
.368 
.39 
.371 
.39Aq 
.38 
.32 
.306 
.359 
.254 
.280 
.298 
0.1 
.57 
.573 
.38 
.43 
.48 
.413 
0.59 
0.51 
0.501 
0.499 
0.499 
i.508 

i.47 

.402 
i.462 
0.86 
0.391 
0.28 
0.381 
(.451 
1.399 
0.566 
0.24 
0.58 
0.21 
0.50 
0.529 
0.370 


Table 3 


Lit. 


73 
73 
84 
73 
73 
84 
84 
84 
73 
84 
73 
73 
73 
84 
84 
73 
73 
83 
83 
73 
32 
73 
32 
62 
73 
73 
(84) 
(84) 
(84) 
(84) 
(84) 
(116) 


( 71 ) 

( 71 ) 

(84) 

( 84 ) 


( Continued ) 


Formula 


NaCl.CuCl, 

Na,B 4 O 7 .10H,O 

KOH 

KHF, 

KC1 

KCIO, 

KBr 

KI 

K 2 S0 4 

KaSaO, 

KaS 4 O fl 

KNO, 

(KSOi),NQH 

K,CO, 

(COOK)a.HaO 

[CH(OH)COOK],.0.5HaO. . 

KCNO 

K,H(C,N,0,).H,0........ 

SO,KCH(NHa)SO,H 

KCl.CuCl, 

2KC1.CuC1 2 

2KCl.CuCl,.2H,0 

KaPtCl 4 

KaPtCL 

K 2 Pt(C,0 4 ),.2Ha0 

KMn0 4 ..... I 



22 


17 

17 

17 


KaFe(CN) 


K 4 Fe(CN)«.3H,0. . 
KaS0 4 .CoS0 4 .6HaO 


KaCr 2 C>7 

KaS0 4 .Cr,(S0 4 )i.24Ha0. . . 
KaS0 4 .AL(80 4 ), 


17 

84 

159.7 


K 2 S0 4 .Alt(S0 4 ),.24H,0... 

RbCl ~ 

Rb,S0 4 

RbNOa 

RbaCO, 

RbiS0 4 .CoS0 4 .6Ha0 


258.44 

252.77 

195.67 

103.65 

14.9 


CsCl 

CeaS0 4 * 

CsNO, 

C8 2 COa 

Cs 2 S0 4 .Al,(S0 4 ), 

C8 2 S0 4 .A1,(S0 4 ),.24H,0.. . 


6.48 

0.59 

0.33Aq 

0.428 

0.516 

0.30 

0.377 

0.422 

0.403 

0.371 

0.412 

0.326 

0.401 

0.488 

0.77 

1.10 

0.465 

0.488 

0.424 

6.03 

4.28 

4.30 

0.356 

0.393 

0.31 


-170 

0.179 

21 

0.175 

95 

0.175 

162 

0.184 

-148 

14.43 

- 70 

9.96 

21 

7.08 


- 0.420 

-258.36 

321 

-252.68 

243.5 

-195.73 

75.1 

-103.8 

38.7 

17.9 

23.4 


0.129 

11.5 

- 0.470 

- 0.476 

- 0.480 

- 0.579 

- 0.327 

- 0.331 

- 0.281 

- 0.321 
268.0 
201.0 

64.6 
34.1 
21.0 

- 0 . 363 

- 0.322 

- 0.412 

- 0.320 

- 0.51 

- 0.49 


Lit. 


i(»«) 

(*>) 

i <«) 

(«) 

(«) 

(**) 

(«) 

(«) 

(*») 

(»«) 

<“) 

(«) 

(»*) 

(**) 

•(«) 

(") 

(»*) 

(•») 

(«) 

(«) 

(*•) 

(36) 

(”) 

(”) 

(»«) 

( 56 ) 

( 55 ) 

(55) 

(55) 

(55) 

(55) 

(55) 
( 60 ) 

(57) 
(57) 
(57) 
(57) 
(57) 
(S3) 

(”) 

(53) 

(56) 
( 66 ) 
(113) 
(63) 

(”) 

(63) 

( 68 ) . 
(37) 

(» T ) 

(67) 

(37) 

(67) 

(63) 

(63) 

(«) 

(»*) 

( 7 ») 

<»•)_ 
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Table 4. — Specific Susceptibility (x): Pure Organic Compounds 
Centigrade temperature; where unindicated, room temperature is to be understood; unit of x = 10~» 

C-Table, <£- Arrangement; v. Vol. Ill, p. viii 


:gsrn 


Formula 


CBr 4 

CC1.N0, 

CC1 4 

Cl. 

CN4O, 

CHBr, 


C.H.0 

c »aio48 

c.h,no 


Lit. 


Name (and temperature) 


Carbon tetrabromide I —0.2931 ( 82 ) 

Trichloronitromethane . . . — 0.458 ( 82 ) 

Carbon tetrachloride — 0 . 429 

Carbon tetraiodide —0.261 ( 82 ) 

Tetranitromethane —0 . 223 ( 82 ) 

Bromoform —0.316 ( 82 ) 

Chloroform —0.488 ( 82 ) 

Methylene bromide —0.379 ( 82 ) 

Methylene chloride —0.549 ( 81 ) 

Methylene iodide —0.349 ( 82 ) 

Formaldehyde —0.62 ( 71 ) 

Formic acid -0.432 (81) 

Methyl bromide -0 . 603 ( 8 1 ) 

Methyl chloride -0 . 633 ( 8 1 ) 

Methyl iodide - 0 . 403 ( 8 1 ) 

Formamide —0.486 ( 82 ) 

Methane —2.5 (30, 31 ) 

Urea -0.560 ( 82 ) 

Methyl alcohol (-3°) -0.65 (55, 56) 

Methylamine , - 0 . 870 ( 8 1 ) 

1, 2-Dibromotetrachloroethane. . —0.387 ( 82 ) 

1 , 2-Dibromodiiodoethylene —0.320 ( 82 ) 

Tetrabromoethylene -0.334 ( 82 ) 

Hexabromoethane —0.294 ( 82 ) 

Tetrachloroethylene —0.508 ( 81 » 82 ) 

Hexachloroethane -0 . 476 ( 82 ) 

Tetraiodoethylene -0.309 ( 82 ) 

Cyanogen ; -0.415 (81) 

Chloral -0.459 ( 82 ) 

Pentachloroethane -0.490 ( 82 ) 

Fluorobromoacetic acid — 0 . 379 ( 82 ) 

1 , 2-Dibromoethylene —0.386 ( 82 ) 

1> 2-Dichloro-l, 2-dibromo- 
et ^ ane -0.423 ( 82 ) 

l-Difluoro-2-dibromoethane -0.382 ( 82 ) 

I, 1, 2, 2-Tetrabromoe thane -0.357 ( 82 ) 

1, 2-Dichloroethylene , -0.521 ( 8 2 ) 

1, 2, 2-Tetrachloroethane -0.535 ( 82 ) 

1, 2-Dibromo-2-fluoroethane . . .. -0.379 ( 82 ) 

Difluoroacetamide —0.433 ( 82 ) 

Ethylene -1.6 (30, 31) 

Ethylene bromide —0.422 (81) 

Ethylene chloride I _ 0. 602 ( 8 1 ) 

Ethylidene chloride —0.580 (®i) 

Difluoroethanol -0.503 ( 82 ) 

Ethylene iodide —0.381 ( 82 ) 

-0.443 ( 82 ) 

Acetaldehyde -0.502 («i) 

-0.526 («l) 

P fonnate • • • • -0.518 ( 82 ) 

E^ b L°T de “0.489 («i) 

Ethyl iodide -0 . 679 (7 1 ) 

-0.577 ( 82 ) 

V “0.472 ( 82 ) 

“0.744 (81) 

ethyl ether -0.716 («i) 

^methyl sulfate -0.493 («i) 

pj“ e , thyl 8ulfide 723 ( 8 1 ) 

Cacodylicacid.. • \ La ,4 


(82) 


-0.744 ( 81 ) 
-0.716 («l) 
-0.624 (82) 
-0.493 (81) 
-0.723 ( 81 ) 


^oayucacid....;. —0.579 (84) 

hylhydroxylamine. . —0.704 ( 82 ) 


Formula 
C a H 7 0 4 P ~ 

CjHjNaOa 

c,h,n,o 3 

CjH{,Br 3 

C,H 6 C10 

C,H,NO 

C a H 0 Cl 2 O 

C 3 H 6 0 

C„H*0 

C 3 He0 2 

c 3 h 6 o 2 

c 3 h 6 o 2 

C 8 H 7 Br 

CjH 7 Br 

C 3 H 7 C1 

C,H 7 C10 2 

C,HsO 

C 3 H 6 O a 

C*HaOa 

C 3 H 10 N 2 

C 4 HI 4 N 

C4H 2 0, 

C4H 4 0a 

C 4 H 404 

C 4 H 404 

C4H 6 C1 3 0 2 

C4H 6 Bri0 2 

C 4 H*N0 2 

CiHoOa 

CiH«0 4 

C 4 H 8 O 4 

C 4 H 7 Br0 2 

C 4 H 7 C10, 

c 4 h 7 io 2 

c 4 h 7 n 

C 4 H 8 N s 0 2 

c 4 h 8 o 

c 4 h 8 o 

c 4 h 8 o, 

c 4 h 8 o 2 

0,11,0, 

c 4 h 8 o 2 

C4H.NO 

C 4 HioN|0 

C4H10O 

C4H10O 

C4H10O 

C4H 10 O 

C4H10OS 

C4HioO,S 

C 4 H 10 OIS 

C4H10O4S 

CiHvB 

c 4 h„n 

C4H„N 

CiHuAs. 

C4H4O, 

C4H4N 

C 8 H 7 NO, 


Name (and temperature) 


Ethyl phosphate 

Cyan uric acid 

Cy am elide 

1, 2, 3-Tribromopropane 

Chloroacetone 

Ethyl isocyanate 

1, 3-Dichloro-2-hydroxypropane 

n-Propionaldehyde 

Acetone 

Propionic acid 

Ethyl formate 

Methyl acetate 

n-Propyl bromide 

Isopropyl bromide 

Propyl chloride 

l-Chloro-2, 3-dihydroxypro- 

pane 

Propyl alcohol 

Methylal 

Glycerol 

Propylenediamine 

Tetraiodopyrrole 

Maleic anhydride 

Succinic anhydride 

Maleic acid. 

Fumaric acid 

Ethyl trichloroacetate 

Ethyl tribromoacetate 

Succinimide 

Acetic anhydride 

Succinic acid 

Dimethyl oxalate 

Ethyl bromoacetate 

Ethyl chloroacetate 

Ethyl iodoacetate j 

Propyl cyanide 

Dimethyloxamide 

Butyraldehyde 

Methyl ethyl ketone 

n-Butyric acid 

Isobutyric acid 

Ethyl acetate ( — 149°) : . 

(- 6 °) 

Methyl propionate 

Isob uty raldoxim e 

Nitrosodiethylamine 

n-Butyl alcohol 

iBobutyl alcohol 

JerL-Butyl alcohol 

Ethyl ether 

Ethyl sulfine 

Ethyl sulfite 

Ethylsulfone ethyl ether 

Diethyl sulfate 

Diethyl sulfide 

Diethylamine • 

Isobutylamine ■ 

Cacodyl - 

Furfural - 

Pyridine - 

Ethyl cyanoacetate - 


Lit 


- 0 539 
0 490 
-0 . 435 1 

-0.420| 
0.550 
0.642 
0.621 
0.585 
0 581 
0.587 
0.581 
0.590 
0.527 
0.529 
0.710 


(84) 

(85) 
(85) 
( 82 ) 
(81) 
(85, 
(81) 
(81) 
(81) 
(81) 
(82) 
(82) 
(81) 
(81) 
(81) 


1 -0.604 (81) 
-0.766 (81) 
-0.621 (82) 
-0.538 (71) 
-0.784 (81) 
-0.331 ( 82 ) 
-0.365 (<s, 4«) 
-0.475 (<s, 46) 
-0.427 (< 5 . » 8 ) 
-0.426 (< 5 > •«) 
-0.520 (82) 
-0.368 (82) 
-0.477 (82) 
-0.517 (82) 
-0.461 ( 45 , 46) 
-0.472 (82) 
-0.496 (81) 
-0.590 (8i) 
-0.456 (81) 
-0.714 (81) 
—0.544 (82) 
-0.635 (81) 
-0.633 (82) 
-0.632 (82) 
-0.646 (81) 
-0.581 ( 55 , 56) 
-0.607 (S5, 56) 
-0.628 (82) 
,-0.642 (82) 
-0.593 (82) 
-0.743 (71) 
-0.798 (81) 
-0.800 (81) 
-0.766 (71) 
-0.631 (84) 
-0.546 (84) 

-0.592 (84) 

-0.563 (84) 
-0.753 (81) 
-0.835 (81, 82) 
-0.8431 (81) 
-0.476 (84) 
-0.492 (82) 
-0.623 (82) 
“0.6951 («l) 
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Tab£«e 4. 


Formula 


Name (and temperature) 


C 6 H 8 O a 

CgHgOa 

CsH 8 0 4 

C 6 H 10 

CgH.o 

CsHioBr* 

CgHioCla 

CjHjoCIj 

CiHioNgO 

C»H 10 O 

CJI 10 O 

CsHioOj 

CgHioOi 

CgHiiBr 

CgHnCl 

c b h„n 

c 4 h„no, 

C|HuO 

CJBijO 

CgHiaO 

CgHnOj 

C 5 H 11 N 

C«Cl«Os 

CeCl. 

C«0«.8Hj0 

CeHBr 6 0 

C*HjC1«Oi 

C*H*Br a NO* 

C.H.C1, 

CiH|N|G« 


C*H 4 N*0 




C 4 H 4 N,Os’ 

C*H 4 N,0 4 

C 4 H 4 0* 

CeHiBr 


CeHgCl 


C 4 H b C1|Oi 

CtHgF 

CgHJ 

CeHgNO 

CeHgNO, 


c 4 h 4 no 3 

C.H fc NO l 

C.H 4 

C.HgO 

CjHeOi 

CeH 4 0, 

C*H 7 N 


C 4 H 7 NO 

C e Hs 

C*H, 

CeHgNj 


CsHiBiOi 

CtHiNOi 

C*Hio 

C«Hio 

CiHioO 

CtHioO 


Acetylacetone 

Allyl acetate. 

Dimethyl malonate . . , 

Isoamylene 

Trimethylethylene. . . 
Amylene bromide 

Amylene chloride 

Amylidene chloride. . . 

Nitrosopiperidine 

Isovaleraldehyde 

Methyl propyl ketone 

Isovaleric acid 

Ethyl lactate 

Isoamyl bromide 

Isoamyl chloride 

Piperidine 

Amyl nitrate 

n-Amyl alcohol 

Isoamyl alcohol 

fert.-Amyl alcohol 

Acetal 

Isoamylamine. . .' 

Chloranil • 

Hexachlorobenzene . . . 


-0.5611 (®2) 
-0.566 (81) 
-0.520 (82) 
-0.766 ( 71 ) 
-0.773 ( 81 ) 
-0.498 ( 81 ) 
-0.675 ( 81 ) 
-0.662 ( 81 ) 
-0.555 ( 82 ) 
- 0.668 ( 82 ) 
- 0.668 ( 82 ) 
-0.663 ( 81 ) 
-0.615 («2) 
-0.587 («i) 
-0.741 ( 81 ) 
-0.755 (*l) 
-0.574 ( 81 ) 
-0.76ft ( 71 ) 
— 0 . 799 ( 81 ) 
-0.804 («l) 
-0.825 («2) 
-0.8481 ( 81 ) 
-0.458 ( 82 ) 
-0.518 («2) 
-0.426 ( 82 ) 
( 82 ) 


Triquinoyl 

Pentabromophenol —0 . 397 

Hexachlorohexanetrione — 0 . 433 

Dibromo-4-nitrophenol — 0 . 564 

Trichlorobenzene —0.587 

1, 3, 5-Trinitrobenzene —0.352 

m-Dinitrobenzene —0.398 

2, 4-Dinitrophenol -0 . 397 

Dinitroresorcinol -0.312 

Quinone -0.382 

Bromobenzene (—30°) — (K51 

(—20°) -0.64Q 

Chlorobenzene —0.639 

(“50°) -0.629 

(—30°) -0.664 

Pentachlorohexanedione — 0 . 452 

Fluorobenzene — 0.608 

Iodobenzene —0.471 

Nitrosobenzene —0.514 

Nitrobenzene ( — 160°) —0.455 

(0°) -0.439 («0) 

(20°) -0.499 (80) 


( 82 ) 

( 82 ) 

( 81 ) 

( 82 ) 

( 82 ) 

( 82 ) 

( 82 ) 

( 82 ) 

( 80 ) 

( 80 ) 

( 81 ) 

( 80 ) 

( 80 ) 

( 82 ) 

( 82 ) 

( 81 ) 

( 82 ) 

( 80 ) 


Quinonoxime —0.409 

p-Nitrophenol —0.482 

Benzene (16.8°) —0.712 

Phenol -0.648 

Resorcinol —0.617 

Phloroglucinol —0.582 

Aniline (-10°) -0.661 


(10°) 

Phenylhydroxylamine 

1, 3-Cyclohexadiene 

1, 4-Cyclohexadiene 

Phenylhydrazine (20°)... 

(10°) 

Bismuth acetate 

Ethylsuccinimide 

Cyclohexene 

Diallyl 

Cyclohexenol 

Cyclohexanone 


( 82 ) 
( 82 ) 
(88, 86 
( 81 ) 
( 82 ) 
( 82 ) 
( 80 ) 


) 


-0.692 ( 80 ) 
-0.625 («2) 
-0.607 («8) 
-0.608 (« 8 ) 


-0.67 
-0.7 
- 0 . 

- 0 . 
-0.711 
-0.671 
-0.653 
-0.648] 


( 80 ) 

( 80 ) 

( 44 ) 

( 82 ) 

( 88 ) 

( 81 ) 

( 88 ) 

(**) 


( Continued ) 

Formula 

CeHioOa 

CeHioOi 


C 8 Hi 0 O* 

CeHioOi 


c 8 h, 0 o 4 

CgHu 

CeHl* 

CfHuO 

CeHuO 

C«HuO 

C 4 H lt O 

C«HuO* 

C 4 HijOj 

CgHiaO* 

CeHu 

CeHuO 

c 4 h 14 s 

CaHuOP 

C 4 H 14 0,P 

CeHuOgP 

CgH.gP 

C 7 H 4 F,NO, 

c 7 h 4 cio 


C 7 R 4 Fi 

c 7 h 6 f»o 

c 7 h 4 n 

c 7 h 4 no 

c 7 h 4 ci, 

c 7 h 4 o 

c 7 h 4 o* 

c 7 h 7 ci 


c 7 h 7 no 
c 7 h 7 no 

C 7 H 7 NOi 
C 7 Hi 

c 7 h 8 o 

C 7 HiO 

c 7 h*o* 

c 7 h,n 

c 7 h,n 

c 7 h,no 

C 7 Hi 4 

C 7 Hh 

C 7 Hi*0 

C 7 HuO 

’ c 7 h„o 

C 7 HiiOj 

C 7 Hi*Oi 

C 7 Hi*0 4 

C 7 Hi 4 Cla 

C 7 Hj 4 0 

CtHuOi 

C.HJ 

CgHgNOa 

C.H. 

c 8 h 8 o 4 

CgH 7 N 

CaH. 

CaHaNaO, 

C.H.0 


Name (and temperature) j x 

Diethanolacetylene | — 0 . 

Dimethylketotetrahydrofur 

furane 



Methylacetylacetone -0.569 (•*) 

Ethyl acetoacetate (old) -0.556 (•!) 

(fresh) -0.576 («l) 

Diethyl oxalate -0.555 (•*) 

Hexene • -0.780 (•») 

Cyclohexane I — 0 . 81o| (•«) 

Methyl butyl ketone —0. 

Methyl isobutyl ketone -0.697 

Methyl terf.-butyl ketone I -0.703 

Cyclohexanol -0.727 

Isobutyl acetate -0. 

Methyl a-methoxyisobutyrate ..—0.6! 

Paraldehyde —0.65! 

Hexane —0.888 

Hexyl alcohol -0.766 

Propyl sulfide —0. 777 

TriethylphoBphine oxide 1—0.683 

Triethyl phosphite —0.631 

Triethyl phosphate — 0 . 688 

Triethylphosphine — 0 . 762 

Nitrophenylfluoroform —0. 

Benzoyl chloride (20°) —0.53! 



(-20°) -0.561 (•*) 

Phenylfluoroform -0.529 ( 8J ) 

Trifluorocre8oI —0.517 (•*) 

Phenyl cyanide —0.651 ( 81 ) 

Phenyl isocyanate —0.610 (•*) 

Benzal chloride —0.608 (**) 


(«) 


. -0.55 

6 (<». «•) 

-0.66 

1 (» # ) 

— 0.69i 

5 (•«) 

1 —0.591 

T («) 

—0.571 

5 («) 

-0.535 

! («) 

I —0.725 

i (»') 

I —0 . 70S 

\ (» *) 

-0.672 

(»>) 

1-0.638 

(*') 

-0.713 

(•«) 

-0.701 

(") 

-0.654 

(«) 

-0.807 

(«) . 

-0.786 

(«) 

-0.660 

(«) 

-0.667 

(**) 

-0.566 

(»*) 

-0.649 

(»*) 

-0.690 

(«) 

-0.585 

(•*) 

-0.689 

(•«) 

-0.714 

(«) 

-0.700 

(") 

-0.483 

(**) 

-0.533 

(•*) 


Phenylacetylene —0.673 

Phthalic acid — 

Benzyl cyanide — ^ ‘ 

Styrene — 

Phthalamide “"0* 

Acetophenone (15°) 


(25 


r. .... 1-° 6211 (§0) 





\ 


i 


A 


% 

* 

1 

i 
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Table 4. — ( Continued ) 


Formula 

GtHiOt 

C|H» 0 | 

C»fliOj 

C|H|FO 

C»H|N 

CiHio 

C»Hi# 

CsHioO 

c»h„n 

C«H»jN 

C|HisBr t 

CiHi* 

C*H u O 

C 1 H 14 O 3 

CiHuOj 

CiH 14 0j 

C1H14O1 

C 4 H 14 O 4 

C1H14O4 

C*. 

CiHiiBri 

CiHuNj 

C|Hi40 

c,H 17 a 

CiHijNO 

C»Hu 

C»HiiO 

CiHjiN 

C.H,N 

C.H,NO 

C,H, 

C*H ,0 

C*. 

CiHu 

C1H10O 

cai.eo, 

CiHuN 

c *H lk No 

CitHfBr 

CiiH t NO, 

C.* 

2 l »H «0 

CjiBjO 

^i#H„ 

C>»H,o 

CioH„ 

c, *Hi «0 

c, *HuO| 

Cl*H,4 

c »*HuO 

CjoHuO 

pioH„o 

^•Hu0 4 

c uH,»o 


Name (and temperature) 


Anisaldehyde 

Methyl benzoate 

Methyl salicylate 

p-Fluorophenetole 

Benzylidenemethylamine 

o-Xylene (—40°) 

(-10°) 

ro-Xylene 

Phenetole 


Dimethylaniline 

Ethylaniline 

2, 5-Dimethyl-2, 5-dibromo-3- 

hexine 

2, 4- Dimethyl-2, 4-hexadiene . . . 

Dimethylcyclohexanone 

Tet ram e t h y lketotetrahy drof ur- 
furane 

2, 5-Dimethyl-3-hexin-2, 5-diol 

Tetrolic acetal 

Ethyl 1-ethylacetoacetate 

Diethyl succinate 

Diethyl tartrate 

Octylene 

Octylene bromide 

Iaobutylideneazine 

Methyl hexyl ketone 

Octyl chloride 

Octanonoxime 

Octane 

Octyl alcohol 

Diisobutylamine 

Quinoline 

Phenylpropiolamide 

Indene 

Cinnamic aldehyde 

a- Methylstyrene 

Hydrin dene 

Cinnamyl alcohol 

Ethyl benzoate 

Tetrahydroquinoline 

Hexylpropiolamide 

Bromonaphthalene 

a-Nitronaphthalene *.’*’’*’ 

Naphthalene 

Naphthol * 

Acetylphenylacetylene 

Methyl phenylpropiolate 

* henylbutadiene 

P^ydronaphthalene 

Benzoylacetone 

8af rol and isosaf rol 

w-Dimethyiatyrene . 

Anethole 

Eugenol and ifloeugenol ’ ^ 

^ymene 

Carvone 

Carvacroi 

Camphoric anhydride . . . 

Camphor 

Citral * 

Ethyl amylpropioute . 

J-amphoric acid ... 

Terpineol... 


0.568 

0.602 

0.580 

0.628 

0.613 

0.728 

0.662 

0.743 

0.692 

0.711 

0.709 


Lit 

(82) 

(81) 

(81) 

(82) 

(82) 

(80) 

(80) 

(81) 

(81) 

(81) 

(81) 


0.506 ( 8 2) 
0.714 (85) 
0.672 (82) 


0.736 

0.724 

0.688 

0.615 

0.604 

0.550 

0.798 

0.553 

0.683 

0.728 

0.773 

0.717 

0.872 

0.806 

0.848 

0.662 

0.574 

0.730 

0.666 

0.678 

0.664 

0.650 

0.628 

0.668 

0.677 

0.598 

0.564 

0.717 

0.673 

0.731 

0.573 

0.658 

0.654 

0.586 

0.601 

0.686 

0.648 

0.622 

0.769 

0.614 

0.726 

0.620 

0.68 

0.650 

0.670 

0.746 

0.725 


(82) 

(82) 

(82) 

(81) 

(82) 

(82) 

(81) 

(81) 

(82) 

(82) 

(81) 

(82) 

(81) 

(81) 

(81) 

(81) 

(82) 

(82) 

(82) 

(82) 

(82) 

( 82 ) 

(81) 

(82) 

(82) 

(81) 

(82) 

(82) 

(82) 

(82) 

(82) 

(82) 

(82) 

(82) 

(81) 

(82) 

(82) 

(81) 

(81) 

(82) 

(82) 

(45, 46) 

(35) 

(81) 

(82) 

(45,-46) 

(85) 


Formula 

C 1 oH 1 8 0 
CioHiaO 

CioH 18 Oj 

CioHiaO* 

CtoHtiN 

CioHjj 

CioHjjO 

CioHuN 

c„h,no 4 

CnHioBrxOs 

C n H 1 oO 

CuHioOj 

CnHijOj 

CnHuOj 

C11H18 

CnHjs 

CnHiaO* 

CijHisOj 

CuHio 

CnHioAsCl 

C 12 H 10 N 3 

Ci,H 10 N,O 

CuHioO 

CixHioOjS 

CijHuN 

CitHuNOt 

CijHnNi 

CisHisN 4 

c 13 h 13 o 

CuHuASaClj 

NjO*.2HjO 

CiiHitNiOfl 

CitHioOx 

CitHaoOr 

CuHjj 

Cl jHj| 0 4 
CitHjyN 

CitHsOt 

c„h 9 n 

CuHio 

CuHioO 

Ci*H,iN 

C11H1* 

CuHijNjO 

CuHijOjP 

C11H14O 

CuHaO* 

c 14 h 8 o 3 

C14H10 

C14H10 

C14H10 

CmHioO, 

Ci«Hm 

CmHi, 

CuHitNt 

C14H14N1 
C14H 14N 3 O a 

c 14 h 18 n 

CuHijNi 

Ci 4 Hi 8 0 

Ci 4 H 33 0 3 


Name (and temperature) 

Eucalyptol 

Dimethyldiethy Ik etotet rahy d ro- 

furfurane 

Diiaobutyralacetylene 

Ethyl l-isobutylacetoacetate. . . 

Diethylcyclohexylamine 

Decane 

Isoamyl ether 

Diisoamylamine 

Ethyl nitrophenylpropiolate.^,. . ; 

Ethyl dibromocinnamate 1 

Propionylphenylacetylene 

Ethyl phenylpropiolate 

Ethyl cinnamate 

Ethyl benzoylacetate 

Dimethyl-2, 4-nonatnene 

2, 6- Dimethyl-2, 6, 8-nonatriene 

Ethyl hexylpropiolate 

Geraniol formate 

Diphenyl 

Diphenylchloroareine 

Azobenzene 

Hydroxyazobenzene 

Diphenyl ether 

Phcnylsulfone 

Diphenylamine 

Ethyl benzylidenecyanoacetate 

Aminoazobenzene 

ChryBoidine 

Butyrylphenylacetylene 

Salvarsan dihydrochloride 

Triethyl triazinetricarbonate. . . 

Propyl hexylpropiolate 

Triethyl citrate 

Dicyclohexyl 

Diacetal 

Trii8obutylamine 

Xanthone 

Acridine 

Fluorene 

Benzophenone 

Benzylideneaniline 

Diphenylmethane 

p-Methoxyazobenzene 

Methyldiphenoxyphosphine 

oxide ’ 

Valerylphenylacetylene - 

Anthraquinone “ 

Phenanthraquinone - 

Anthracene “ 

Phenanthrene " 

Tolane “ 

Benzoic anhydride " 

1, 1-Diphenylethylene - 

Stilbene “ 

Benzalazine “ 

Azotoluene “ 

p-Azoanisole “ 

Methylbenzyianiline - 

Aminoazotoluene “ 

Caproylphenylacetylene - 

Dicyclohexanolacetylene | - 


x Lh 

-0.7541 (81) 


-0.753 
-0.738 
-0 652 
-0.802 
-0.876 
-0.813 
-0.846 
-0.502 
-0.498 
-0.601 
-0.598 
-0.610 
-0.600 
-0.990 
-0.724 
-0.684 
-0.658 
-0.677 
-0.550 
-0.612 
-0.503 
-0.635 
-0.591 
-0.634 
-0.578 
-0.600 
-0.595 
-0.618 


( 82 ) 

( 82 ) 

( 81 ) 

( 81 ) 

( 81 ) 

(82) 

( 82 ) 

( 82 ) 

(82) 

( 82 ) 

(82) 

(82) 

(81) 

(85) 

(82) 

(82) 

(81) 

(82) 

(* 4 ) 

(82) 

C*‘) 

(82) 

(84) 

(82) 

(82) 

(82) 

(81) 

(82) 


-0.518 

-0.552 

-0.697 

-0.586 

-0.774 

- 0.668 

-0.846 

-0.551 

- 0.688 

-0.665 

-0.594 

-0.554 

-0.685 

-0.560 

-0.616 
-0.639 
0.575 
0.509 
0.726 
0.718 
0.667 
0.552 
0.655 
0.666 
0 . 594 
0 . 643 
0.610 
0.670 
0.631 
0.651 
0.682 


(84) 

(85) 
(82) 
(81) 
(82) 
(82) 
(81) 
(82) 

(**) 

(82) 

(82) 

(82) 

(82) 

(82) 

(84) 

(82) 

(82) 

(82) 

(82) 

(82) 

(82) 

(45, 46) 
(82) 
(82) 
(82) 
(62) 

(81) 

(81) 

(81) 

(82) 

( *2 ) 
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Table 4. — ( Continued ) 


Formula 

* — / 

Name (and temperature) 

X 

Lit. 

C 14 H* 6 0 4 

Diethyl sebacate 

-0.685 

(82) 

Ci.HuN 

Cinnamylideneaniline 

-0.595 

(82) 

c 16 h„n 

Triisoamylamine 

-0.845 

(81) 


Diphenyldiacetylene 

-0.640 

(82) 

Ci 6 H 12 N 2 O 

Benzeneazo-/3-naphthol . . j 

-0.567 

(81) 

c 16 h 18 n 8 

Methyldiphenyltriazinc 

-0.627 

(85) 

C 10 H 18 N 2 O 2 

p-Azophenetole 

-0.635 

(8M 

C 17 H 140 

l-Phenyl-4-benzoyl-l, 3-buta- 
diene 

-0.599 

(82) 

CisHu 

Chrysene 

-0.648 

(82) 

CisHisAs 

Triphenylarsine 

-0.578 

(84) 

CibHirAsO 

Diphenylphenoxvarsine 

-0.567 

(84) 

CigHi^AsO 

Triphenylarsine oxide 

-0.618 

(84) 

CisHisAflOa • 

Triphenoxyarsine 

-0.551 

(84) 

CmHuBi 

Triphenylbismuthine 

-0.447 

(84) 

CjgHi,BiN 2 O fl 

Triphenylbismuthine dinitrate 

-0.451 

(84) 

CuHuO.P 

Triphenyl phosphite 

-0.592 

(84) 

CuH l6 P 

CigHuSb 

Triphenylphosphine. . 
Triphenylstibine 

-0.636 

-0.516 

(84) 

(84) 

0 18 H 17 A80 2 

Triphenylarsine dihydroxide 

-0.795 

(84) 

CuHuOtSb 

Triphenylstibine dihydroxide. . . 

-0.616 

(84) 

C.gHj.NiOP 

Trianilinophosphine oxide 

-0.624 

(84) 

CisH, 4 0 2 

Oleic acid 

-0.742 

(81) 

CisHuO, 

Aurin 

-0.556 

(81) 

CitHi* 

Triphenylmethane 



C;,H le O 

Triphenyl carbinol 

-0.6751 

(82) 


Table 5.— Specific Susceptibility ( x ): Crystals 
Xi» Xi, xs are the three principal values; * « angle between the 
crystallographic c axis and a principal axis of magnetization; 
room temperature; unit of x = 10 -fl cgsm. 


1 

Subetancc 

Xi 

X* 

x« 

♦ 

| Lit. 

AltO, 

Corundum 

-0.34 

M 



(117) 

AliO, 

Ruby 

0.47 




(** 7 ) 

(AlFltSiOi* 

Topaz 

-0.410 

-0.420 



( 111 ) 

HtAli(BOH)*Si«Oi»t. 

Tourmaline 

1.12 




( 111 ) 

Be,A]j(SiO,)* 

Beryl 

0.826 




(HI) 

ct 

Graphite 

- 2.2 


-14.2 


(*,) 

CuHnOn 

Cane sugar 

-0.60 

-0.55 


- 1° 50' 

C 4 ) 

CaF, 

Fluorite 

-0.285: 




(•*) 

Ca.CKPOt), 

Apatite 

-2.64 

• 

- 2.64 


(***) 

CaCO. 

Aragonite 

-0.392 

-0.387 



( 111 ) 

CaCO, 

Calcite 

-0 363 




(ni) 

HCai(Al, Fe)» 8 iiOi»* 

Epidote 

23 8 

24.1 



(**r 

CaMgCtOi 

Dolomite 

0.787 




(IH) 

(Ca, Mg, Fe)«Si*0«* 

Hornblende 

24.0 

16.7 

18.0 

- 21 ° 5y 

(*«) 

CaMgSiO.I 

Augite 

26.6 

12.8 

22.7 

- 7° O' 

(*4) 

CoSOi.7HK) 


36.3 

32.7 

35.0 

- 39° 4 O' 

(»«) 

Co(NHi),(80«)i.- 







6H*0 


26.1 

21.9 

26.6 

-31° \8t 

T 17 ) 

CoCu(SO«),.6H»0 . . 


28.6 

23.1 

25.6 

- 62° 54' 

(* 4 ) 

CuSiOi.H, 

Dioptasite 

8.8 

M 



(*•) 

CuFeSj 

Chalcopyrite 


(See FeCuS*) 


FeS, 

Pyrite 

0.98 




( 1 * 7 ) 

Fe80«.7Ht0 


44.3 

41.1 

40.2 

30° uy 

(* 4 ) 

Fe(NH«)j(80«),.- 





M 


6 H 1 O 


46.2 

40.9 

40.5 

- 18° 58' 

(* 4 ) 

FeCO. 

Siderite 

84.2 


142.6 


( ,# ) 

FeCuSa 

Chalcopyrite 

0.85 

M 



( #i ) 

(Fe, Zn, Mn)0.(Fe, 







Mn)tO,* 

Franklinite 

465 to 




(>*») 



640 





K,Co03O«)t.6HjO. . . 


30.2 

22 4 

35.0 

-21° 20 / 

(117) 

KAlSiaO, 

Adularia 

-0.427 



BTTZ 

(* 4 ) 

MgAJjO,. 

Spinel 

0.62 




(117) 

NaCI. . . .1 

Rock salt 

-0.50 




(•■) 

Ni80«.7H,0 


16.66 

16.53 

16.63 


( #7 ) 

Ni(NH«), (SCMs.- 







611,0 


10.2 

8.23 


- 16* 17' 

(* 4 ) 

Pb8 

Galena 

-0.350 


l 


(111, 

SiO, 

Quartz 

-0.461 

-0.466 

(ef P- 

341.) 

(in. 

8r0O4 

Celestite 

-0.342 

-0.314 



(ill) 


Table 5. — (Continued) 


Substance 


xi 


I 


x* 


x« 


TiO*.. 
ZnS. . . 
ZrSiO« 


Rutile 

Sphalerite 

Zircon 


1.96 

-0.264 

-0.170 


I * | Lit. 


2.09 


+ 0.732 


(ill, 

(!«*) 

( 111 ) 


* Composition variable. fH may be replaced by Mg, Fe, or alkalies. 
t Ceylon. § With addition of (Mg, Fe)(Al, Fe)*8iO«. 

Table 6— Specific Susceptibility ( x ): Miscellaneous 

0 

Substances 

Unit of x 5=3 10“ fl cgsm 

Substance 



Air;* 20°C, 1 atm.. 


24.16t7 

M 

Glass, crownf 

-0.90 

(•* **) 

24. 40p 

(10, 

heavy fiiut 

-1.2 

23.85o 

(100) 

Linseed oil 

-0.74 

(»*) 

(Hi) 

24.40 0 

(111) 

Marble; CaCO,. . . 

-0.8 

24.00(7 

(.0) 

Paraffin 

-0.6 

(III) 

-0.13 

(«*» •») 

Petroleum 

-0.83 

( 7I ) 

-0.79 

(•*) 

8heUpo 

-0.30 

( 7, 1 

-0.74 

( 7! ) 

Terpene 

-0.67 

( 7I ) 

0.6 

(11.) 

Wax, white 

-0.6 

(US) 

-0.86 

• 

(•t» «*) 

Wood 

-0.3 to 
0;7 

(US) 


Celluloid 

Colza oil 

Cumene 

Ebonite 

Gypsum; CaSO«.- 
2HiO 

* For k, see Table 1. t Borosilicate. 

Table 7. — Specific Susceptibility of Solutions: References 


Solute 

Lit. 

H 2 0 


Bal 2 * 

(62, 83J 

CiH 4 0 2 , Acetic acid 

| (99) 

C,HeO, Acetone. . . . 

(99) 

CeBr,* 

(27) 

CoF,* 

(85) 

CoCl, 

(92) 

CoBr a * 

(33) 

Col,* 

(88) 

CoS0 4 

(»«) 

Co(N0,),.6H 1 0 

(92) 

CoS0 4 .(NH 4 )^0 4 *.. 

(93) 

Cr(OH)/ 

(92) 

CrCl,* 



(*8) 

Cr,Cl 4 0*f 

(16) 

CrS0 4 * 

(18) 

Cr,0(SO,),t|| 

(18) 

Cr I (SOj),*(} 

( ,4 ) 

Cr(NOj),.9HiO 

(92) 

CuCl,j| u 

(59) 

CuBr, 

(89) 

CuS0 4 t1i... 

(59) 

Cu(NO,) a .6H^)1[.. . 

(59) 

CuC,H,04.H,0**. .. 

(»*) 

ErCli* 

(* 7 ) 

FeCl, 

(92) 

FeCliff 

(12) 

FeBr,* 

(65) 

Fel,* ' 

(85) 

FeS0 4 U 

(121) 

Fe,(S0 4 ), 

(92) 

Fe(NO,),.6H,OJt. . 

(«*) 

FeS0 4 .(NH 4 ),S0 4 *. . 

(85) 

KOH* 

(82, 83) 

KJe(CN), 

(«") 

MgS0 4 

(103) 

MnF,* 

(68) 


Sohite 


Lit. 


H,0. — ( Continued ) 
MnClf 1 ( 12 . 1 , 92) 

MnBr,*.’. ..... (««) 

Mnl,* (««) 

MnS0 4 (>«) 

Mn(NO,),.6H,0.... ( 12 . 1 , «) 

MnP0 4 * (i> 7 ) 

Ni IV..., (•») 

NiClilf (»!•) 

NiBr,* (•*) 

NiS0 4 U ( ,19 ) 

Ni(NO,),.6H,01[. .. (!*•!• 

119) 

PtCl 4 * («) 

YbCli* (2 7 ) 

ZnCl,* I ( M ) 

CH«OH, Methyl alcohol 


Co Cl,. 

FeClif 
MnCl* 
Mn(NO,),.6H,0... 


(92) 

(92) 

(92) 

(92) 


C 2 H & OH, Ethyl alcohol 
Co Cl, 

CuClj|| 

FeClif 
MnCls 

Mn(NO,)t.6HtO.... 

C,H.O, Acetone 

C,H 4 0» Acetic acid 

FeCl, 

CiHt, Benzene. 



• • • 



CjHeO, Acetone 

CoCl,f 

FeCl, 

Co(NO,),.6H,0... 

C^uO, Amyl alcohol 

CoCl, -I (•*> 


* 8ee 0 U 0 Table 3. f Also acidulated with HC1. t Also in water + H.SOi. 
I Also in water -f NatSO«. 0 Also in water + CtHiOH. 1 Also in . 

NHfc •* Copper acetate, ft Also in aqueous solutions of HC1, of HN 1 . 
NaCI. For solutions in methyl, ethyl, isobutyl, allyl or isoamyl alcohol, or 
in formic add, acetio acid, ethyl acetate, ethyl ether, or acetone, sss ( 

U Also in water + HNOa 
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a— S pecific SdtoBPnBiuTT (x) : Al 

Unit of x =*• 10“ T cg8m 


Alloy 

Fig. 

Ag-Sb 

2 

Al-Sb 

2 

Al-Zn 

2 

Bi-Cd 

1 

&-Hg 

1 

Bi-Pb 

3 

Bi-8b. 

3 

Bi-8n 

3 

Bi-Te, 

1 

Bi-Tl 

1 

Bi-Zn 

1 

Cd-Pb 

4 

Cu-Mn 

3 


lit. 

(»«) 

(”) 

(*•) 

< 44 ) 

( 4 <) 

(«) 

(B3) 

(S2> 

(”> 

( 70 ) 

(") 

( 44 ) 

(») 


Alloy Fig. 

Cu-Ni T" 

Cu-Sb 3 

Cu-Sn 3 

Cu-Zn 3 

Pb-Sb 4 

Pb-Sn 4 

Pb-Tl 4 

Sb-Sn 2 

'Sb-Te 2 

Sb-Zn 2 

Sn-Te 4 

Sn-Zn 3 


Lit. 

( 40 , 41 , 42 ) 
( 32 ) 

( 32 ) 

( 32 ) 

( 32 ) 

( 53 ) 

( 32 ) 

( 32 ) 

( 32 ) 

( 53 ) 

( 53 ) 

( 32 ) 


Table 9. Atomic and Alt>kic Group Susceptibilities (x<») 

For many compoundB, the molecular susceptibility is approxi- 
mately equal to the sum of xo’s for the several atomic groups which 
are contained in the compound; for certain organic groupings a 
correction (X m ) must be added to the sum of the xo’s in order to 
obtain the value of the molecular susceptibility. Unit of = 
10“* cgjm per gram atom, or per gram atomic group; of \ m ** 10 -a 
egam per gram molecule. 


Atomxj 

grouy 

Ag + 

Al ++4 

Aa+'+ 

A4+++-M- 

Au+ + 

B++* 

Ba + + 

Be + + 

BU++ 

Bi*++-n- 

<V+ 

Cd++ 

(V 

Cu+ 

Hg + + 

K+ 

U* 

Mg++ 

Na+ 

Rb* 

8b+++ 

8i+++ 


81.0 

13.1 
20.9 

43.0 

45.8 
7.3 

38.2 
8.55 

40.6 

69.8 

15.9 
20 

41.0 

18.0 

33.4 

18.5 
■ 4.2 
• 10.1 

9.2 

■ 10.2 

27.2 
26.1 

■20 9 

•12.7 


Atomic 

group 

Sn'*" M " f 

Zn ++ 

Br" 

ci- 

F- 

I- 

NOr 

so- 

8tO|— 

S 4 0- 

80,- 

80,— 

sor 

so,— 

s,o- 

S0 4 - 

so — 

CO,— 
PO — 
PO,— 
PO, 
PO, 

P04 


Atomic 

group 


30.3 

13.5 

30.60 
20.10 

6.30 

44.60 

14.2 

13.4 

43.4 

84.7 
17.9 

24.7 

27.8 

22.3 
56.0 

31.4 

33.6 
22.2 

22.3 
■18.5 
■23.8 
■31.3 

35.4 


I Organic compounds 

C 

- 6.25 

H 

- 3.05 

N 

- 5.80 

8 

— 15.60 

O'* 

- 4.61 

0"f 

- 3.36 

0"t 

+ 1.73 

X* f 0 r 

- 1.50 

benzene 
bond 
\ m for one 
ethylene 
bond 

- 5.70 

X* for two 

-11.0 

or more 


ethylene 

bonds 


* — 0 — in R — O— R', 

/ 

O— R' 

M < 

A 

1 0 = in 

/ 

□ 

O — R* 


rv 

JO= in 

> 

\J 

B-G< 

*0 


< 

i 

) — 



0 

• 

2 


/H 






J/WZ 

7 


70 


1* 


50 


-M 

Bi 


height % 

O 160 


Cu 



Zn 

30 

-2 

20 

-4 

10 

-6 

0 

-8 



SS 11 


BO 


Fio. 1. 



Fio. 2. 


-? 

Te 

-4 


400 -6 


300 -9 
Sb 


200 -l< 


-12 


Mn 


Bi J 

* 

-M 


Fio. 3. 


Weight % u pVeighn% 

0 120 |40 |60 180 [0 fco |40 160 ISO 

Fio. 3. Fio. 4. 

Fias. 1, 2, 3, 4. — Susceptibility (x) of alloys. 
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element named at the right margin. 
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ments. 

Magnet steels. 

Introductory. 
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Coercive force and residual 
magnetisation, and their 
variation with heat treat- 
ment. 

Effect of mechanical shock. 


Effect of external magnetic 
field. 

Temperature coefficient of 
magnetization. 

AlloyB of iron. 

Cobalt. 

Nickel. 

Alloys of nickel. 

Manganese alloys and com- 
pounds. 

Transformation temperatures. 

Crystals: iron, magnetite, pyr- 
rhotite, and hematite. 

Those materi ^ to which 
'nowt frequent reference will 
probably be made are listed in 
ia We 1 in the order of their 

composition, and “key" num- 
bers are there assigned them. 

In other Pkces, they are, in 
general, identified by these key 
numbers only. Data for other 
, y® compounds will be 
oun in their appropriate 

m the several tables. 
* or a genera! exposition of the 
ub ect of ferromagnetism, see 


Symbols 

^toaipt Symbole 
Sealed, if appei 

designation of 

men or to t. 


Alten 


•JiTi 


As ci 



Coercr 

H. 


Principales constantes des 
aciere recuits. 


Principales constantes des 
aciere trempCs et etirCs. 


Magnetisation normale et 
cyclique: traitements ther- 
miques varies. 

Aciere A aimant. 

Introduction. 

Magnetisation cyclique. 

Force coercitive et magneti- 
sation rCsiduehe: leure vari- 
ations avec le traitement 
thermique. 

Effet du choc mCcanique. 


Effet du champ magnetique 
exteme. 

Coefficient de temperature de 
magnetisation. 


Hauptsftchliche Konstanten des 
angelassenen Kohlenstoff- 

eisens. 

Hauptsftcbliche Konstanten des 
abgesch reck ten und gezo- 
gencn Kohlenstoffeisens. 

Normale und zyklische Mag- 
netisierung: verechiedene 

Warmebehandlung. 

Magnetstahle. 

Einleitendes. 

Zyklische Magnetisiemng. 
Koereitivkraft und Rest* 
magnetisiemng, deren An- 
derung mit der Warme- 
behandlung. 

Einftuss mechanischer Er- 
schlitterung. 

Einfluss eines Ausseren Mag- 
netfeldes. 

Temperaturkoeffizient der 
Magnetisiemng. 


Costanti principah degh 
acciai ricotti 380 


Costanti principah degli 
acciai temprati e 

rinvenuti 380 

Magnetizzazione nor- 
male e ciclica: van 
trattamenti tcrmici. . . 381 
Acciaio per magneti. 

Introduzione 385 

Magnetizzazione ciclica. 380 
Forza coercitiva e ma- 
gnetizzazione residua e 
loro variazione con il 
trattamento termico. . 387 
Effetto di urti mec- 

canici..., 388 

Effetto di campi ma- 

gnetici estemi 388 

Coefficiente di tempe- 
ratura della magnetiz- 


Alliages de fer. 

Eisen-Legierungen . 

zazione 

Leghe di ferro 

388 

390 

Cobalt. 

Kobalt 

Cobalto 

402 

Nickel. 

Nickel. 

Nichel 

403 

Alliages de nickel. 

Nickel-Legierungen. 

Leghe di nichel 

406 

Alliages et composes de man- 

Mangan-Legierungen und Ver- 

Leghe e composti di 


ganese. 

bindungen. 

manganese 

407 

Temperatures de transfor- 

Transformationstemperaturen. 

Temperature di trasfor- 


mation. 


mazione 

408 

Cristaux: fer, magnetite, pyr- 

Kristalle: Eisen, Magnetit, 

Cristalli: ferro, magnetite, 


rhotite et hematite. 

Pyrrhotit, Hamatit. 

pirrotite ed ematite 

410 


Les matieres auxquelles il 
sera probablement fait appei le 
plus frequemment sont dis- 
posees y dans la Table 1 dans 
l’ordre de ieur composition, et 
on a assign^ A chacune d’elles 
un nornbre “dt” Aux autres 
places, ces matures sont en 
gCnCral identifides seulement 
par leure nombres-cies. Les 
donnCes relatives aux autres 
alliages et composes seront 
trouvCes A leure places appro- 
prices dans les nombreuses 
tables. Pour une exposition 
gCnCrale du sujet du ferro- 
magnCtisme, voir ( 77 ). 


Dasjenige Material, welches 
wahrecheinhch am haufigsten 
in Frage kommen wird, ist in der 
Tafel 1 in der Reihenfolge 
seiner Zusammensetzung ange- 
ordnet, und SchlUssdzahlen sind 
ihm angefiigt. An anderer 
Stelle sind die Stoffe im allge- 
meinen nur durch die Schllis- 
selzahlen gekennzeichnet. Die 
Daten flir andere Legiemngen 
und Verbindungen sind an 
den zustandigen Stellen der 
verechiedenen Tafeln zu finden. 
Eine allgemeine Darlegung fiber 
den Ferromagnetism us, v. ( 7T ). 


Le sostanze piA interessanti 

sono elencate nella Tabella 1 

% 

se condo l’ordine della loro com- 
posizione e ad esse sono attri- 
buiti numeri chiave con cui sono 
in genere designate. Dati per 
altre leghe e compos ti sono 
riportati nelle diverse tabelle. 
Per una esposizione generale 
sulT argomento del ferroma- 
gnetismo, v. ( 77 ). 


Symbole s 

Symbol es des Indices 

Recuit, si annexC A la 
designation d’un 
Ccbantillon ou A t. 


Champ altematif, si 
annexe A W. 

Couie, si annexe A la 
designation d'un 
Cchantillon. 

Coeroitif, si annexe A H. 


Symbole 

Symbole ffir Indexzeichen 

Angelassen, wenn die 
Bezeichnung der 

Probe oder dem t 
angefiigt ist. 

Wechselstromfeld, wenn 
dem W angefiigt. 

Wie gegossen, wenn der 
Bezeichnung der 

Probe angefiigt. 

Koerzitiv, wenn U ange- 
fiigt. 


a 


SlMBOLI 

Sim bo 11 di Sottoscritti 
Ricotto, se aggiunto alia 
designazione del cam- 
pione oat. 


Campo altemante, se 
aggiunto a W. 

Come ottenuto di getto, 
se aggiunto alia desi- 
gnazione del campione. 

Coercitivo, se aggiunto 
ad H. 


If 


il; 


i 1 


H 


1 


I 


I 
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ib 
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d Drawn. 

I Value for large grains, 

see p. 379. 
max. Maximum, 

n Normal. 

q Quenched, 

r Residual, 

red. Reduced, corrected for 

presence of impurities. 

s Spontaneous. 

t Value at temperature t. 

6 Differential or reversible. 

r Turning or rotating. 

0 Initial value, H = 0. 

* Saturation value, H very 

* great. 


d 

fitiry. 

d 

Gezogen. 

d 

l 

Valeur pour de gros 
grains, voir p. 379. 

l 

Werte ftir grobe Stticke, 
siehe S. 379. 

l 

max. 

Maximum. 

max. 

Maximum. 

max. 

n 

Normal. 

n 

Normal. 

n 

<1 

TrempA 

q 

Abgeschreckt. 

q 

r 

Rysiduel. 

r 

Restlich. 

n 

r 

red. 

Ryduit, corrigy k cause 
de la prysence d 'im- 
pure tys. 

red. 

Reduziert, korrigiert 

wegen der Anwesen- 
heit von Verunreini- 
gungen. 

red. 

8 

Spontany. 

8 

Selbsttatig 

8 

t 

Valeur k la tempyrature, 
t. 

t 

Wert bei der Tempe- 
ratur, t . 

t 

b 

Diffyrentiel ou rever- 
sible. 

b 

Differentiell oder rever- 
sibel. 

b 

r 

Tournant ou animy d'un 
mouvement de rota- 
tion. 

r 

Drehend oder rotierend. 

• 

r 

0 

Valeur initiale, H = 0. 

0 

Anfangswert, H =» 0. 

0 

CO 

Valeur de saturation, H 
tr£s grand. 

oo 

S&ttigungswert, H sehr 
gross. 

oo 


Rinvenuto. 

Valore per grani groan, 
v . p. 379. 

Massimo. 

Norm ale. 

Temprato. 

Residuo. 

Ridotti, corretto per la 
presensa di impureaae. 


Spontaneo. 

Valore alia temperature, 
t. 


Differenziale o rever- 
sibije. 

Girante o rotante. 


Valore iniaiale, H - 0. 
Valore di saturaaione, H 
moltc grande. 


Symbols for Quantities 
a, a' Coefficients of maxm 


B 


e 

H 


l 

Key 


8 




0 

K 

X 


hardness (see defini- 
tion). 

Magnetic induction. 

Value of B correspond- 
ing to (max.). 

Density; occasionally = 
diameter. 

Hysteresis exponent. 

Magnetic field intensity. 

Intensity of magneti- 
sation. 

Length. 

Key number as given in 
Table 1. 

Percentage by weight of 
constituent under con- 
sideration. 

Side of section of square 
rod. 


Sym boles pour Quantity 

o, a' Coefficients de dtntfty 
magn6tique ( voir defi- 
nition). 

B Induction magn£tique. 

Bp Valeur de B correspon- 
dant k p m (max.). 
d Density; occasionnelle- 

ment = diam^tre. 
e Exposant d’hystyrysis. 

H Intensity du champ mag- 

ndtique. 

7 Intensity de magneti- 

sation. 

I Longueur. 

Key Memes nombres-cies que 

ceux donnes dans la 
Table 1. 

p Pourcentage poids du 

constituant considere. 

8 cete d’une section d'une 

tige de section carree. 


Symbols Mr Grtissen 

a, a' Koeffizient der magneti- 

schen H&rte (siehe 
Definition). 

B Magnetise he Induktion. 

Bp Werte von R, die p m 

(max.) entsprechen. 

d -Dichte, zuweilen Durch- 

messer. 

e Hysteresis-Exponent. 

H Intensitat des magneti- 

schen Feldes. 

I Intensit&t der Magneti- 

sierung. 

I Lange. 

Key Schltisselzahl, wie in der 
Tabelle 1 vorhanden. 

p Gewichtsprozente des 

betrachteten Konsti- 
tuenten. 

8 Seitenl&nge des Quer- 

schnittes ernes vier- 
kantigen Stabes. 


Simboli per Qnanthi 

a, a' Coefficient! di duresse 
magnetics (vedi defi- 
nizione). 

R Induzione magnetics. 

Bp Valore di B oorrispon- 

dente a pm (masaimo). 

d DensitA, qualche volta - 

diametro. 

e Esponente di isteresi. 

H Intensity del campo 

magnetic©. 

7 Intensity della magnetis- 

zazione. 

I Lunghezza. 

Key Numero chiave ripor- 

tato nella Tabella 1. 

p Percentuale in peso del 

componente che si 
considers. 

s La to di sesione di una 

sbarra quadrats. 


t 

• Temperature, °C. 

t 

Tempyrature, °C. 

t 

Temperatur, °C. 

t 

Temperature, °C. 

t* 

Room- temperature. 

Ir 

Tempyrature ambi&nte. 

Ir 

Zimmertem peratur 

tR 

Temperature ambiente. 

w 

Hysteresis loss per cm 3 

W 

Perte par hystyrysis par 

W 

Hysteresisverhist pro 

w 

Perdita di isteresi per 


per cycle. 


cm 3 par cycle. 


cm* pro Cykl. 


cm 3 e per ciclo. 

a 

Temperature coefficient 

a 

Coefficient de temp4ra- 

a 

Temperaturkoeffizient 

a 

Coefficiente di temp©- 


of electrical conduc- 
tivity; (fit - p 0 ) = 
apt- 

Temperature coefficient P 

of /; 7, — 7 0 = plot. 

Hysteresis (Steinmets) tj 

coefficient. 

Curie point, °C. © 

Susceptibility. « 

Wave-length in vacuo . X 

Permeability. p 


ture de conductibility 
^lectrique; (pt — p 0 ) = 

apot. 

Coefficient de tempera- 
ture de 7; 7« — 7 0 =» 

plot- 

Coefficient d ’hysteresis 
(Steinmetz). 

Point de Curie, °C 
Susceptibility. 

Longueur d’onde dans le 
vide. 

Permeability. 


P 


e 

K 

X 


der elektrischen Leit- 
fahigkeit; ( p t - p 0 ) - 
apot. 

Temperaturkoeffizient 

von 7; h — 7 0 *= 
pi 0 1. 

Hysteresiskoeffizient 

(Steinmets). 

Curie- Punkt, °C. 


P 


WeUenl&ngeim Vakuum. 


PermeabiHt&t. 


0 

« 

X 


bilitX elettrioa; (pt - 
Po ) * W- 

Coefficiente di tempe- 
ratura di 7; It — /• * 

PH- 

Coefficiente di isteresi 
(Steinmets). 
pun to di Ourie, *C. 

Suscettiviti. 

Lunghessa d'onda nftl 
vuoto. 

Permeability 
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V 

X 


Electrical volume resis- 
tivity. 

Specific magnetization ; 

<r - I/d. 

Saturatiop value of a at 
absolute zero. 


Saturation value of <r at a' x 
temperature of obser- 
vation. 

Time specimen was kept Td 
at drawing temper- 
ature. 


Resistance eiectrique. 

Magnetisation sp^cifi- 
que; <r* = I /d. 

Valeur de saturation de 
o ay zero absolu. 

f 

* 

Valeur de saturation de 
o k la temperature de 
l’observation. 

Temps durant lequel 
rechantillon a ete 
maintenu k la tempe- 
rature d’etirage. 



a 





Azimuth of H. 

Specific susceptibility; x 

• X = */d. 


Azimuth de H. 
Susceptibility specifique; 

X ~ «/d. 


Elektrischer W'derstand. P 

Spezifische Magnetisie- 9 

rung; <r = I /d. 

Sattigungswert von a a « 

beim absolu ten Null- 
punk t. 

Sattigungswert von a <* 

bei der Beobachtungs- 
temperatur. 

Zeitdauer wahrend wel- th 
cher die Probe bei der 
Temperatur gehalten 
wurde, bei welcher sie 
gezogen ist. 

//-Azimut. ^ 

Spezifische Suszeptibili- x 
tat; x = K/d. 


Resistivity elettrica. 

Magnetizzazione speci- 
fica; cr = I /d. 

Valore di saturazione di 
or alio zero assoluto. 

Galore di saturazione di 
or alia temperature di 
osservazione. 

Durata di permanenza 
del campione alia tem- 
peratura di rinvcni- 
mento. 

Azimut di H. 

SuscettivitA specifica; 

x - K/d. 


d 

e 

H 

/ 


W 


Units and Conversion Factors 

In the Ferromagnetic section of the Tables all data, excepting 

those for resistivity (p), are expressed in cgsm units and centigrade 

temperatures, unless the contrary is explicity stated; for p the unit 
is 1 microhm -cm. 

8 1 c «® m = 1 maxwell cm" J = 1 line cm" 1 = 6.452 line in.”*. 

1 cgsm = 1 g cm" 1 « 0.03613 lb. in.” 3 = 62.43 lb. ft.”*. 

A pure number. 

1 cgsm = 1 gauss = 1 gilbert cm"* = 0.7957 ampere turn per 
cm - 2.021 ampere turn per in. 

1 cgsm *= 1 cgsm magnetic moment cm” 3 = 4x* maxwell 

cm 1 « 4r* line cm" 3 = 6.452 X 4x* line in.”* = 16.387 
cgsm magnetic moment in.” 3 . 

1 cgsm « l erg cm” 3 per cycle = 10”' watt cm” 3 per (cycle 

!!Il 7 ^ * 10-7 watt m.” 8 per cycle-sec” 1 = d M X 

watt g 1 per cycle-sec” 1 = 16.39 d B X 10” 7 watt lb.” 1 

per eye e-sec K (d M) d B are densities expressed in g cm” 3 
lb. in.”* respectively). 

1 cgsm - l erg cm -3 per cycle per (maxwell cm” 1 )' = 1 000* 
f.. Cm per c y cle P er (kiloline cm” 1 )* = 1 000* X 10” 7 
10 7 wah Cycl<Hjec ~ 1 P er (kilo line cm” 1 )* « (155.0)* X 

(155 ot TZr Cycle ~ 6ec ' 1 P er Moline in.”*)* = 16.387 X 
in ^«~ 0 - Watt m "' , P er cycle-sec -1 per (kiloline 
sec - * f , y U °° 0) ‘ * 10-7 watt “■-* Per cycle- 

63 0flfWir;r n! ° hDC ( For « = 1.6, 1 000“ = 

ieSrx a’wonT 3 1964 ’ 16 387 x (165 0 >' ‘ - 52 384 - 

1 cl - . ^ ” 10338 X 10‘). 

welT cm r Inaxwe11 cm_1 P er K^isa = 1.2566 X 4x* max- 
cm - * ner PCT ““Pere-tum-cm-i - 0.4947 X 4r* maxwell 

ou. - 8 mT/T ? ! "_ 6 - 452 x - P fir 

3.192 x 4v* m ‘ Per am Pere-tum-cm - 1 = 

1 ^ mr Per ampere-turn-in 

Per Cm * Fer gaUB8 “ 1-2566 maxwell cm - * 

tum-in -i « R iamTv ' 0 4947 maxwell cm -1 per ampere- 

P^amperMum-c JT “ 8107 *"* “ 

microhm-cm - 1 000 

microhm-in. 

CgBm e, J 

g~* «=, i. magnetic moment g” 1 ■» 4x* maxwell cm 
453.6 cgsm K 1 = 178.6 X 4r* line in. lb.” 1 * 

1 "-am ****** moment lb.” 1 . 

• n> T. *T per * aUBS 


1 


1 


cgsm - 10”« ohm -cm = 0.3937 


cg8m 
in 


178.6 X 4x* line 


*° U; " MW S 1.2666 X*r- 16.791; 3.192 X W - 

' *107 X 4r - 101.88; 178.6 X W - 2244.4. 


Ui. * navi * o — ^ A.WKJ.XJ line 

per gaugg. U8a * ® c 6 sm magnetic moment lb.” 1 


Numerical Relations 

Pn ~ Bn/ H = 1 -f- 4r« n ; n = B/H = 1 -f- 4r<; B — H - f- 4 rl\ 
B r = 47r/ r ; / = kH ; /* = <c n //; a => I/d = xB; a n = I n /d; W = 
vB ' a If II is great, \/k = o -f bH; <j = cr w (1 — a'H) if 
a *> 0.99(7*, a' — Qcf os . 

Definitions 

Anneal . — When a specimen of material has been kept at p, high 
temperature (Z 0 ) for such a length of time that it has come to 
equilibrium, and is then slowly cooled, it is said to have been 
annealed from t a ; t a = annealing temperature. 

Anhysleretic . — Those data obtained when the specimen, while 
in a constant field (//), is subjected to an alternating field w T hich is 
progressively reduced from a value > H to 0. The same result 
can be obtained by subjecting the specimen to repeated mechanical 
shocks. To a first approximation, such data are single valued 
functions of H. 

Coercive Force . — When the field, in which a specimen is placed, 
is reduced from a finite value (H^ ) to 0, / is reduced to a certain 
finite value 7 r , which is called the residual magnetization after the 
application of the force Hn+x. The residual induction, or reten- 
tivity, is B r « 4 x/ r . In order to reduce B to 0, a reverse field of 
intensity H e must be applied; H c is the coercive force , or coercive 
field, corresponding to When the value of H dm. (or of 

Bn»x.) is not stated, it is understood to exceed that corresponding 
to saturation. 

Curie Point. — Generally, the rising temperature at which the 
material ceases to be ferromagnetic, or the falling temperature at 
which it becomes ferromagnetic. These two temperatures do not 
coincide in all cases, and, unless the contrary is stated, it is to bo 
understood that the observations were made with increasing tem- 
perature. More exactly, the Curie point is the temperature, 0, 
that occurs in the equation of Weiss, xil ~ O) “• constant, which is 
satisfied by ferromagnetic materials if < is greater than, but not too 
nearly equal to 0. In this region x ifl independent of the field, and 
x” 1 is linear in t (the linear law of Weiss). In a small transition 
region around 0, the graph of (x _1 » 0 is curved ; consequently this 
0 is, in general, a little higher than that at which ferromagnetism 
disappears. At the Curie' point, the graph showing the 
variation of the specific heat with the temperature has a dis- 
continuity and the reversible evolution of heat accompanying a 
change in H (the magnetocaloric phenomenon of Weiss) has a 
sharp maximum ( 77 » 8 *). 

Drawn. — If an unannealed specimen is heated to a moderate 
temperature td for a time rd and then cooled slowly it is said to 
have been drawn to the temperature td for the time rj. 
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Differential Susceptibility.— li the intensity of the field is varied 
repeatedly over the range H to H-dH, the value of I ultimately 
varies between the fixed value 7 and 7-d7, then dl/dH =• k 6 \b 
the differential, or reversible, susceptibility. The differential per- 
meability is p, «= 1 + 4r To a first approximation, these 
quantities are single valued functions of 7. 

Hardness. — If H is great, 4xH/(B - H) - l/« » 0 + hH, 
where a and b are constants (37); and approximately o « <rj 

V ~ //)’ wJiere a ' 53 ( 73 )- The quantities a and a' measure 

the magnetic hardness of the material. They vary with the 
impurities and with the heat treatment of the specimen. 

Hysteresis. — When the field varies systematically and cyclically 
between ■+■ and —H the {B, H) curve, after a few cycles, 
is closed. This closed curve is called the hysteresis loop. During 
each cycle, there is dissipated within the specimen, and in addition 
to the dissipation by the Foucault currents, an amount of energy 
(W) which is proportional to the volume of the specimen (if the 
field is uniform) and to the area of the loop. This is the hysteretic 
loss. It depends not only upon the specimen and the value of 
HtaMM.y but also upon the manner in which the cycle is traced — 
whether H varies by a series of finite steps, or is proportional to 
sin r, or is constant in amount but varies in direction, etc. When 
H varies as sin r (r = time), W is called the alternating hysteretic 
loss and, when desirable, is denoted by }V a ; unless the contrary is 
stated, W will be understood to denote W a . When the specimen 
is a body of revolution, and the field, constant in intensity, rotates 
uniformly about the axis of revolution — or the field is fixed and 
the body rotates — W is called the turning or rotating hysteretic 
loss, denoted by W T . As 7/m»«. is increased, W r passes through 
a maximum and tends to 0 In very intense fields. All hysteretic 
losses vary greatly with the heat treatment of the specimen. 
In general, W — ij — hysteresis, or Steinmetz, coefficient; 

t “ hysteresis exponent ; for most irons and steels, e «= 1.6; this 
value is to be assumed unless another is stated. 


Initial. The initial permeability (u 0 ) is value of y. when B = 0. 

Normal. The permeability (ji = B/H) of a specimen depends 

upon its magnetic history, but the permeability (p. - P / 

Bn^x.) at the tip of a repeatedly traced hysteresis loop is definite; 

it is called the normal permeability corresponding to H «= H 

The corresponding susceptibility («„), induction (B m ), and m. gn fti- 
zation (I.) are likewise said to be normal. The locus of the 
positive tips of the hysteresis loops corresponding to various values 

of is called the normal (.B, H) curve, or the curve of first 

magnetisation. 

Quenched.— When a specimen while at a high temperature (< f ) 
is quickly cooled by being plunged into a large volume of liquid 

(water, oil, mercury, etc.) it is said to have been quenched at 
temperature t q . 

Reduced. — Data which have been corrected for the effects pro- 
duced by the impurities in the specimen are said to be “reduced," 
denoted by “red." (Constituents characteristic of the type of 
material under consideration are not impurities; e.g., in carbon irons, 

C is not an impurity, but in electrolytic iron, C is an impurity.) 

Residual. — See Coercive force. 

Rotating Hysteresis. — See Hysteresis. 

Saturation. — The saturation values (v», 7.) of a and / are their 
values at absolute lero and for H = «o. Values (vi, 7i) for H ** 

00 , but at temperature of observation (not absolute zero) are also 
called saturation values. 

Specific Magnetization. — Magnetic moment per unit of msss; 
a - I/d. 

Spontaneous. — The magnetizations of the several structural 
elements composing a specimen are in general inclined to one 
another. Hence the observed, or apparent, magnetisation of the 
specimen is less than the true magnetization of its elements. The 
latter may be determined by thermomagnetic measurements ( Ti ). 
Representing the latter as a function of H, H great, and extra- 
polating to H = 0, a value called the spontaneous magnetization 
(7„ a,) of the materia] is obtained. 


Table 1. Key Number and Composition op Eaqh op Various Specimens op Iron, Cobalt. Nickel, Their Alloys, and 

Alloys Containing Manganese and Copper 

Those alloy 8 which occur in only a single table and are of such a nature that there is no reason for comparing their compositions with 
those of .others are not included in this list. When materials from distinctly different sources have the Same composition, they are 
distinguished ip the property tables by roman numerals appended to the key number. Amounts expressed in % by weight. 

Tables 



X 

LI 


10 

11 

It 

It 

14 

It 

16 

17 




Carbon irons and pure Fe 

lectrolytic Fe; fused in vacuo (3 mm Hg) 

lectrolytic Fe; fused in vacuo; Heraeos; extremely pure 

lectrolytic Fe; fused in vacuo; total impurities ™ 0.02% 

lectrolytic Fe ; fused in H ; Merck 

lectrolytic Fe; fused in N; Merck 

Pure iron. Data obtained from commercial materials; correc- 
tion applied for effect of impurities . 

Electrolytic Fe; fused in vacuo 

Electrolytic Fe; fused in vacuo 

Electrolytic Fe ; fused in vacuo 

Electrolytic Fe 

Electrolytic Fe; fused in vacuo 

Iron, 0.006% Cu. . . . 

Iron, 0.006% Cu 

Electrolytic Fe; fused in H, 0.072% H 

Electrolytic Fe + C 

Electrolytic Fe 

Swedish charcoal iron 

Swedish charcoal iron 

Mild steel; dynamo steel 

Swedish iron 


0.0016 

0.0017 

0.0018 

0.004 

0.006 

0.009 

0.009 

0.012 

0.018 

0.024 

0.027 

0.044 

0.046 


0.007 

0.01 

0.006 

0.006 

0.003 

0.004 

0.004 

0.006 

0.004 

0.006 


0 

Tr. 

0.008 

0.030 

0.400 

0.12 


0.014 

0.014 

0.014 

0.006 

0.009 

0.009 

0.001 

0.011 

0.001 

0.002 

0.027 


0.011 


0.004 

0.008 

0.099 

0.044 


I 


4 
6 
22 

6, 22 

4,6,22 

4 
6 
6 
6 

3 22 
6 
22 
22 
6 
9 
6 

3, 4, 9, 11 
6 

3, 4, 9, 11 
6 





FERROMAGNETISM: COMPOSITIONS 


37 ] 


Table 1. — (Continued) 


Key 

number 


20 

21 

22 

23 

24 
26 
26 
27 


29 

30 

31 


S3 

34 

36 

36 

37 

38 

39 

40 

41 

42 
48 
44 
46 

46 

47 

48 

49 
60 
61 
62 

63 

64 
66 
66 

67 

68 
69 

60 

61 

62 

63 

64 
66 
66 
67 


70 

71 

72 

73 

74 
76 
76 


Material 


% C 


The 


Carbon irons and pure Fe. — (Continued) 

Taylor iron <0.06 

American ingot iron <0.06 

Norway iron <0.05 

Best refined iron <0.05 

Soft iron 

■ •*••••• •••• 

Bessemer steel q . 05 

Firminy 0 . 06 

Iron, 0.03% Cu 0.08 

Mild steel; dynamo 0.085 

Kohlswa iron 0 09 

Bessemer steel 0.1 

Electrolytic Fe -f C 0.14 

Bessemer steel 0.15 

Firminy 0.20 

Hard steel 0.23 

Electrolytic Fe + C 0.23 

Electrolytic Fe -f C 0.32 

Electrolytic Fe + C 0.39 

Mild steel, no As 0.44 

Firminy 0 .49 

Electrolytic Fe + C 0.52 

Hard steel 0.69 

Firminy 0.84 

Eutectoid steel, * 0.05 % Cr 0.85 

Electrolytic Fe + C 0.88 

Electrolytic Fe 4- C 0.90 

Unieux 0.96 

Hard steel \ 0.99 

High carbon steel 0.99 

Drill rod 1.10 

Firminy 1 21 

Electrolytic Fe -f C 1.28 

Electrolytic Fe -4- C 1.32 

Unjeux 1 40 

Unieux 1.41 

Electrolytic Fe -f C 1.55 

Hard steel X . 57 

Electrolytic Fe + C 1.60 

Unieux l .61 

Hard steel 1.78 

Silicon steels 

Silicon steel 0.25 

Silicon steel 0.21 

Stalloy 

Silicon steel 0.06 

Silicon steel f 0.07 

Ferrosilicon 

Dynamo sheets 

Silicon steel 0 29 

Senes of alloys; Si = 0.001% to 4.92%; see 

Gastiron 3. 109 

Manganese steels 

Manganese steel 0.46 

Manganese steel 0.10 

Manganese steel 0.09 

Manganese steel 0.13 

Manganese steel 0.20 

Manganese steel 0.22 

- Manganese steol 0.20 


% Si % Mn I % S % P 


Tables 


0.01 
0 . 028 
0.04 


0.06 

0.380 

0.06 


0.01 

0.024 

0.009 


0.01 

0.029 

0.024 


0.01 0.002 D.020 


0.04 

0.006 

0.007 

0.004 


0.18 

0.004 

Tr. 

.Tr. 


0.003 

0.10 

0.23 

0.018 

0.017 

0.24 

0.10 


Tr. 

0.13 

0.23 

0.006 

0.004 

0.28 

0.40 


(?) 

0.020 

0.009 

0.009 

0 

0.011 

0.08 

0.014 

0.011 

0.009 

0.01 

0.07 


0.08 


0.02 


0.016 


0.01 

0.04 


0.025 

0.006 


Tr. 

Tr. 


0.008 

0.011 


0.004 

0.23 

0.005 


Tr. 

0.37 

Tr. 


0.003 

0.01 

0.006 


0.01 


0.10 0.17 0.08 0.02 


1.03 
2.40 

3 

3.71 

4.09 

4.4 

4 to 5 
4.45 


0.09 

0.08 

0.31 

0.10 


0.04 

0.04 

0.01 

0.01 


0.02 

0.01 

0.01 


0.12 0.03 0.02 


3.270 0.560 0.061 1.060 


0.03 

0.04 

0.05 

0,09 

0.11 

0.13 


0.7 

2.70 

4.20 

6.74 

7.81 

10.30 

12.34 


4 

4 

4 

4 

2, 5, 11 
4 

12, 14 

1 22 
4, 9, 11 
4 
4 
9 
4 

12, 14 
9, 11 
9 

9, 10 
10 
5 

12, 14, 15 
9 

9, 11 
12, 13, 14 
9, 11 
9, 10 
10 

12, 14 
9, 11 
3 
4 

12, 14 

9 

9 

14 

14 

9 

9, 11 
0 
14 

9, 11 

17 

17 

3 

17 

17 

2 

3 

17 

17 

4, 9, 1 1 


12 

17 

17 

17 

17 

17 

17 


t of commercial tool steel lie between those of the annealed and of the quenched eutectoid. 

n §4 «1, U, «7. 
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Key 

number 


77 

Aluminium steels 
Aluminium steel. . 

78 

Aluminium .steel . . 

79 

Aluminium steel. . 


Boron steels 


Material 


Table 1. — ( Continued ) 


% A1 


79 -a 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 


91 

92 

93 

94 


Cobalt steels 

Electrolytic Fe and pure Co (Merck), 

fused in H 

- Cobalt steel * 

Cobalt steel 

Cobalt steel 

CoCalt steel 

“K. S.” magnet steel; range 


Cobalt steel 

Fe*Co 

Cobalt steel 

Cobalt steel 

Cobalt steel 

Cobalt steel 

Chrome steels 
Copper iron alloys 

Molybdenum steel 
Ch&tillon and Commenuy "A” 
Ch&tillon and Commentry “B” 
Ch&tillon and Commentry “B” 
ChAtillon and Commentry “C” 


% W 



5.4 
5.1 

1.5 
3 


4.8 


Both 


Nickel iron alloys; nickel steels 

Electrolytic Fe, pure Ni 

Electrolytic * 

Electrolytic* + Si 
Electrolytic* -f- Si 

Electrolytic* 

Electrolytic* -f Si 

Nickel steel, “Ni 2” \ 

Electrolytic * 

Electrolytic* *f Si 

Electrolytic * 

Electrolytic* -f- Si 

Electrolytic* 

Electrolytic* + Si -f- Mn 
Electrolytic * + Si ..... . 

Electrolytic* 

Electrolytic* + 0.2% Ti. 

Electrolytic* + Mn + Si 

Electrolytic* 

Electrolytic* + Si 

Electrolytic* + 0.2% Ti. 

"lectrolytic * 

lectrolytic* + 0.2% Ti. 

Electrolytic * 

lectrolytic* -f* A1 

lectrolytic* -f 0.2% Ti. 

lectrolytic* + A1 

lectrolytic * + A1 

lectrolytic * + 8i 

lectrolytic* 

the Pe and the Ni are eleeftroijrtio; the Fe contain* traces Ca 


0.005 
0.005 
0.005 
0.005 
0.005 

0.G05 

0.005 

0.005 

0.005 

o;ooi 
0.00 
0.005 
0.004 
0.004 
0.004 
0.004 
0.004 
0.004 
0.004 
0.004 
0.004 
0.2 
0.0041 
0.2 
0.2 
0.003 
0.0031 



2.17 

5.06 

10.52 


% Co 


10 

10 

20 

22 

30 

40 

33 

34.55 

35 

35 

35 

36’ 


Mo 


% C 


0.13 

0.15 

0.10 


1.37 
1 22 
1.11 
1.16 
0.4 
0.8 
1.15 

0.83 

1.12 

1.24 

1.11 


0.014 
0.014 
0.014 
0 . 01 * 
0.014 
0.7 
0.015 
0.015 
0.015 
0.015 
0.015 
0.016 
0.016 
0.016 
0.016 
0.016 
0.016 
0.017 
0.017 
0.017 
0.017 
0.017 
0.018 
0.018 
0.018 
0 019 
0.019 
0.020 


% Si 


0.00 

0.14 

0.09 


0.001 

0.2 

0.002 

0.2 


% Mn 


% S 


0.10 

0.10 

o.vo 


4.7 

3.9 

3.5 

4.4 


4.4 

4.8 

4.7 

4.0 

3.5 


0.003 

0.003 

0.003 

0.003 

0.003 

0.003 

0.003 

0.003 

0.003 


% P I Tablea 



Tr. 


Tr. 






Tr. 


TV. 


Tr. 

HP2J 

Tr. 


Tr. 

BP2J 

Tr. 

QrjH 


BP2J 

Tr. 

HP^J 

Tr. 

RPnJjj 

Tr. 

rjfjH 

Tr. 

BPjJjI 

Tr. 

npgi 

Tr. 

RPTJJ 

Tr. 

nrjji 

Tr. 


Tr 


Tr. 


TV. 

WP2JI 

Tr. 

ttPjjJ 

Tr. 


Tr. 


Tr. 


17 

IT 

n 

17 


17 

>3 

13 

13 

13 

12, 14, 10 


13 

4>17 
13 
13 
13 
13 
17 
17 


13, 

18 


13, 

14, 

16 

13, 

15, 

10 

13, 

14, 

16 

17 



17 



17 




0.010 

0.010 

0.012 

0.2 

0.016 


0.004 

0.004 

0.004 

0.004 

0.004 



FERROMAGNETISM: COMPOSITIONS 


A ~i 


Table I. — (Continued) 


Key 

number 

Material 

% A1 

% Ni 

% c 

% Si 

% Mn 

% s 

% P 

Tables 

184 

Nickel iron alloys; nickel steels. — (Continued) 
Electrolytic* 4- Mn 

0 00 c 

\ 00 

0.022 

0.023 

0.023 

1 0.024 

0.025 
0.026 
0.04 

0.020 

0.022 

0.022 

0.024 

0.027 

0.030 

0.003 

0.5 

Tr 

0 005 
0.005 
0 005 
0.005 
0 . 005 
0.005 
0 035 

Tr. 

0.001 

0.001 

0.001 

0.001 

0.001 

Tr. 

17 

17 

17 

17 

17 

17 

17 

O 

125 

Electrolytic * 

0 002 

! 54.08 
! 54 9 

126 

Electrolytic* 4* Mn 

0 002 

l r. 

9.5 

Tr. 

Tr. 

Tr. 

0.22 

127 

Electrolytic * 

0 002 

! 57.99 
: 66.96 
75.80 
78 3 

128 

129 

Electrolytic* 

Electrolytic * 

0 002 
0.001 

130 

Permalloy, 0.37% Co: 0 . 10 % Cu 

131 

Permalloy 


78 5 

132 

Electrolytic* 4-Mn 

Tr. 

89 9 

0.029 

0.029 

0.030 

0.036 
0 . 037 
0.040 

0.5 

0.6 

0.5 

0.006 

0.006 

0.006 

0.001 

0.001 

0.001 

O 

17 

17 

17 

133 

Electrolytic* 4* Mn 

Tr. 

93 3 

134 

Electrolytic* 4- Mn 

0 

99.2 



% Cr 

% V 







185 

Vanadium iron alloys 

Vanadium steel 

0 

3 5 

0.60 

Tr. 

0.22 



1 7 






1 / 




% w 







136 

Tungsten steels 

As8&illv “V 2” 


2 7 

0.76 

1.10 

1 02 



0 


12, 13 

1 9 

137 

Assailly “ V 3 ,; . . . 

2 7 





138 

Ch&tillon and Commentry “b”. 

2 7 





1«J 

13 

139 

Assailly “V” 

2.9 

2 9 

0 55 

1 10 





140 

Boehlerf “special, extra hard" 





io 

13, 14 

13 

13 

19 1 ^ 14 

141 

Ch&tillon and Comm entry “a” 

3.2 

0 77 





142 

J • 

Ch&tillon and Commentry “c ’' 

3.5 

1 53 





143 

Allevard 

5 5 

0.59 








%J . KJ 





1 4jf 10 9 

144 

Boehlerf “Boreas” 


7.7 

1 96 





15, 16 

13, 14, 15 

4, 22 

4 18 

146 

146 

Cobalt and nickel 

Cobalt; fused in vacuo; 99% pure 

Cobalt 

• • • ^ • • 





146.1 

147 

148 

Nickel; electrolytic, fused in vacuo; from Heraeus; 99 . 9 % pure. . . 

Nickel; fused in H; extremely pure, from Merck 

Nickel; fused in N: extremely Dure, from Merck 






x j X O 

19 

19 

1 4 

149 

Nickel, Ni - 99.15%: Mn - 0.7 % 








19 

150 

Nickel, Ni = 98.08%, Co - 1.31%;. Fe = 0.68%; insoluble = 
0.11% 






3 

151 

152 

163 

Nickel, contains 1.5% Co 






19 

Nickel; from Ni(CO). 




• 


22 

Nickel; purity not stated .... 

• • 







19 


Nickel alloys: Alloys with Fe, see Table 17 (Ni); others, see Table 
20 







Manganese alloys containing Cu 

Heusler alloy 



% Pb 

% A 1 

% Sn 

% Mn | 

% Cu 


164 

165 

166 

167 

1 to 




7 2 


13 9 

78 9 

22 

Heusler alloy (malleable) 


10.15 


14.25 

75.6 

21 

Heusler alloy 


10.15 

13.2 

14.0 

15.0 


14 2 

75.65 

80 8 

21 

Heusler alloy 



6 0 

22 

168 

1 tA 

Heusler alloy 



19 3 

66 6 

22 

169 

160 

Heusler alloy (not malleable) 

0.1 


23.5 

61.5 

21 

Heusler alloy 

16 3 


26 5 

57 2 

22 

loX 

IftO 

Heusler aUoy 


26 


11 6 

63 4 

22 

*04 

163 

164 

166 

166 

167 

• D.4L 

Tin-manganese-copper alloy . 


14.1 

25.1 

60.2 

21 

Tin-manganese-copper alloy . . 



16.1 

24.5 

58.7 

21 

Tin-manganese-copper alloy 



18.0 

23.9 

57.6 

21 

Tin-manganese-copper alloy . 



29.8 

20.4 

49; 2 

21 

Tin-manganese-copper alloy 



38.0 

18.1 

43.4 

21 

— jg-raaQganese-copner alloy 





48.1 

15.0 

36.4 | 

>1 

t 8tyrii. 1,0 electrolytic; the Fe contain* traces of Cu. 
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Illustrative Data 

Table 2. — Illustrative of Normal, Anhtsteretic, and 

Differential Magnetization 


See also Tables 5(19), 19(1637) 
247, Soft iron; (cf. Table 11(247) 



* Does not refer to same material aa the 4 preceding columns. 


85 Ferrosilicon ; 4.4% Si; anhysteretic ( 6B ) 



85 000 
70 000 
40 000 
21 000 
9 000 
5 600 


H 


2.49 

8.41 

38.6 

60.0 

179.9 


4t/ 


9 870 
12 750 

14 670 

15 350 
17 640 


3 960 
1 520 
380 
257 
99 


Table 3. — (Continued) 

9 Electrolytic iron (C = 0.004%) heated repeatedly to $00°C, 
alternating with cooling to 700°C, annealed from 800°C. At 
temperatures between 90 and 150°C, and at t > 330°C, it ages 
very rapidly. At 130°C and H = 0.0957, c decreases to Jj its 
initial value in 10 hr and to X in 24 hr; n = 1.66, c varies from 11 
to 14 (»8). 

16 Swedish charcoal iron; C = 0.027%, 16, - as cast, unan- 
nealed; 16 0 = annealed. 

18 Dynamo steel; C = 0.044%, 18 a i =* once annealed; 18«t m 
twice annealed. 


48 High carbon steel; C = 0.99%; 4 8» « annealed; 48, - 
quenched. 

62 Stalloy; Si =3%. 

66 Silicon steel, dynamo sheets; Si * 4 to 5%. 

131 1 Permalloy; Ni = 78.5%. 

160 Nickel (Co = 1.31%) in a condition, obtained by anneal- 
ing, which was stable during observations between room tempera- 
ture and Curie point; n = 4, c = 1225 (*8), After annealing 
again, n = 4.09, c = 2165 (t increasing); n = 4.07, c ■ 2145 
(t decreasing) ( 82 ), ** Kg. 7; o - 7.188[(J. - I)/HH (”). 


Near 



Curie point (376°C) there is thermal irreversibility (•*). 
Mn, permeability in weak fields: typical materials 


16 c 16 0 18 a i I 18 a s 1 48. I 48, 



0 

a. 01 

0.03 

0.05 

0.1 

0.15 

0.2 

0.3 

0.4 

Lit. 


10 500 
13 800 
36 300 



Effect of Time 

Irrespective of the action of Foucault currents, the magnetiza- 
tion of a material, in general, lags behind changes in H. For 
annealed soft iron, the lag is very marked; for other materials it is 
small. This effect is frequently ascribed to a magnetic viscosity; 
on account of it, the hysteresis cycle may vary markedly with the 
rate at which R is varied. At very high frequencies, (max.) 
decreases rapidly aa>the frequency k increased, and at frequencies 
above 3 X 10 ;o per see (wave-length (X) in vacuo «= 1 cm) 
(max.) - 1, ev«L fan Fe (sea Kgs. 1 to 5). 


Tabus 3. — Magnetization in Vert Weak Fields 

When H is sufficiently small, * « a + bH and W =* %bH l ( 51 ). 
The values of a and of b vary markedly with thermal treatment 
of the specimen. They vary in a very complicated fashion with 
the temperature, pass through an acute maximum near the Curie 
point, and become zero at that point. As the temperature changes 

progressively from — 188°C to Curie point, they satisfy the relation 

• • 

be — a*; the values of c and of n depend upon the substance and its 
past thermal treatment. • For composition; see Table 1. 



8.5 

1358 


Material 


9* Electrolytic iron (unan- 
nealed) 102 

9. Electrolytic iron 628 

9. Electrolytic iron W54 

9 Electrolytic iron aged at 

130°C 201 

Iron sheets 569 

Cast steel 236 

Iron containing C. 209 

Iron wire, hard 74 

Iron wire, not annealed ,80 

Cast iron 40 

Tungsten steel, annealed.. ... 112 
Tungsten steel, quenched . ... 28 
Magnetite, f artificial 16. 5| 


• Limit* of H within which « ■» o 4' bH. 
f Pure FeaO; prepared by roasting FetOi; ft m 24, c 


(") 

(“) 

(••) 


176 

1106 

168 

234 

22.0 


( fi ) 

0.07 to 0.78 (*•) 
0.07 to 0.9 (*•) 

0.01 to 0.7 | (*•). 
0.1 to M 


0.1 to 4.0 
0.1 to 3.1 
0.1 to 3.6 
toll 


(»•). 

<*•> 

(«) 

(») 

(»•) 

(M) 

(*») 


- 53.8; M tb* P* 
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Fio. 1. — Time lag of magnetization (/) in weak fields ( ,6 ). Annealed, 

wrought iron wire. 



j at fr° f decreafle of magnetization (••) Hard steel 
has h©en Jj • " c ®* ^^ ue8 of I at various intervals after U 

curve. Unit of r 1 ^ 8t ^ I i^ neou8 ^y initial value of H is marked on 



certain chosen fixed value, and B is measured at once and then after 
intervals of ^ 3 . ? 3 , . . . sec. These ordinates and the chosen com- 
mon abscissa define points on the curves 0 , 1 , 2 , . . . ; the corre- 
sponding ascending curves are given for the intervals 0 and co only. 
For a very slow cycle, H c = 0.39; for a very rapid one, H e = 2.18. 




Fio. 4, — Variation of maximum permeability with frequency (») ol 
H. Various authors, see (*). X «= wave-length t'n vacuo. Se* also 
Fig. 5. 


Table 3. — ( Continued ) 

160; *, Susceptibility: nickel ( 85 ) 


t 

1 a 

b 

t 

a 

b 

t 

a 

18.5 

3.68 

0.154 

244 

5.68 


+ 13 

3.13 

26.0 

3.78 

0.158 

275 

6.20 

1.214 

-183.1 


47.0 

3.90 

0.187 

293 

6.60 

1.511 

— 196.6 


65.0 

4.02 

0.209 

309 

6.97 

1.905 

+ 18 


80.0 

4.11 

0.236 

322 

7.44 

2.402 

-252.6 


100.0 

4.26 

0.272 

333 

7.90 

3.09 

+ 18 


124.5 

4.44 

0.323 

344 

8.73 

4.54 

(»°) 

150.0 

4.65 

0.393 

353 

9.91 

8.04 



179.0 

4.90 

0.502 

357 

11.65 

14.55 



204.0 

5.14 

0.594 

358 

6.68 

19.18 



220.0 

5.37 

0.708 

376 f 

0 

0 




* Irreversibilities in this region (•*). 
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Table 4. — Magnetization in Intense Fields 

SThe data here given are mainly illustrative; additional data of 
the same kind will be found in the tables giving data for specific 
materials. The relative accuracy of data of the same series and 
obtained by the same method is greater than the absolute accuracy. 

For large values of H, 1/k =» a bH (37) and approximately 
a = <y.(l — a 9 IE) ( 7S ); a' = al Co is an exception; it is mag- 
netically very hard, and in intense fields the law of variation of a 
with H varies with the specimen; for a relatively soft Co, 3600 < 

6300 gauss, <r - 162 [l - — • -^° - )< ] at 17°C ( 7 3). 


H < 


a and a' vary considerably with heat treatment and impurities. 
For composition, see Table 1. 

1 Electrolytic iron, cast at pressure ** 3 mm Hg. 

4 Electrolytic iron, Merck, cast in N. 

6 Pure iron (corrected for effects of impurities); d = 7.876 
g/cm*. 

16 Swedish charcoal iron. 

29 Kohlswa iron; C =* 0.09%; 29' » corrected for effect of C, 
Si, Mn. 

68 Cast iron; 68 c = as cast; 68o = annealed. 

86 FejCo; 86/i = cast under pressure of 1 mm Hg, forged; for 
86/ 1 the pressure * 0.5 mm Hg. 86/7, method of preparation is 
not stated. /« (FejCo) = 1.14/. (Fe). 

145 Cobalt, cast under pressure of 1 mm mercury. 

146 Cobalt, relatively soft. 

148 Nickel, Merck, cast in N. 


Key | 

Material 

H 

t 


■"PI 


Lit. 

I 

Electrolytic iron 



tR 

1798 



(••) 

4 

Electrolytic iron 

760 

6600 

17.3 


216.1 


(73, 

• 

Pure iron 



tR 

1720 



(“) 

14m 

Swedish charcoal iron 



tR 

1683 



(**) 

14. 

Dynamo steel 



tR 

1705 



<”) 

It* 

Dynamo steel 



tR 

1691 



<“) 

M 

Kohlswa iron 

1600 

6&)0 

19 


216.5 

7.9 

(”) 

ft' 

Kohlswa iron 


<6414 

19 


218.3* 


<”) 

46a 

Cast iron 



tR 

1333 



(>») 

44, 

Cast iron 



tR 

1307 



(*») 

44/i 

FetCo/ 



tR 




(••) 

*84/> 

FetCo // 



tR 




(••) 

44// 

FetCo/ZZ 



tR 

1884 



(**) 

144 

Cobalt. 99 % 



tR 

1504 



(“) 

144 

Cobalt, soft 

3600 

6300 

17 


162f 

t 

(”) 

148 

Nickel, pure 

676 

8380 

18 


54.5 

9.7 

(”) 


Magnetite! 



19 


90.7 

39 

<»*) 


Magnetite, pure FeiC>4. . . 



19 


93.3 


(•») 


* Corrected for effect of C, Mn, 8i. 
if See text at head of table. 

X Contain* a little FetOi. 

Other commercial irons and steels (**) 


Key 

Material 

H 

D 

%c 

Remarks! 

SI II 

a 

/. 

SO/ 

Taylor 

2490 

1645 

<0.05 

slag > 

40.5 

1343 

SO// 

Taylor 

2685 

1654 

<0.05 

slag > 

68.8 

1398 

SI/ 

American ingot 

2760 

1708 

<0.05 

ferrite 

129.9 

1476 

SI/' 

American ingot 

4395 

1711 

<0.05 

ferrite 

229.8 

1570 

SI II 

American ingot 

2780 

1725 

<0.05 

ferrite 

271 

1597 

SI//' 

American ingot 

4545 

1735 

<0.05 

ferrite 

399 

1660 

ss/ 

Norway 


1685 

<0.05 

slag < 

457 

1684 

S III 

Norway 

2770 

1661 


slag < 

871 

1715 

mn 

Norway 

2770 

1727 


slag < 

1126 

1717 

tkIV 

Norway.... 

4360 

1742 


slag < 

1569 

1719 

s SI 

Best refined 

2740 

1620 

<0.05 

slag > 

2288 

1724 

ss// 

Best refined 

2825 

1589 

<0.05 

slag > 

2747 

1727 

mn 

Best refined 

2690 

1611 

<0.05 

slag > 


1735 

tf 

Bessemer 


1671 

0.05 




so/ 

Bessemer 


1663 

0. 1 ca. 




so// 

Bessemer 

2675 

1687 

0. 1 ca. 




so/// 

Bessemer 


1666 

0. 1 ca. 




sozv 

Bessemer. 


1685 

0. 1 ca. 




ss 

Bessemer 


1727 

0. 15 




44 

Drill rod 

|2790 

1533 

1.10 





* Essentially » J' 


t After “slag," > denotea much; <, fittie. 


Table 5.— Effect of Temperature: Swedish Iron and 

Steel 

For Curie and other transformation points, see Table 12; for 
pure Fe, Co, Ni, see Tables 6, 18, 19; for Cu-Mn-Sn alloys, ms 
-Table 21; for magnet steels, see Table 16; for magnetite crysfel. 
Table 23; for composition, see Table 1. 


Key 


Material: description and notes 


17/ 


Both 17// 


19 


24 II 


38 


Swedish iron; annealed 4 hr at 1000 to 1100°C; studied at 
27°C, then plunged in liquid air and studied (* 4 ). 

Swedish iron; annealed in H. After giving it a known 
residual magnetization (/,) it was placed in field H - 0 
(terrestrial and demagnetizing fields were compensated) 
and heated to successive temperatures at which the result- 
ing values of / (s/^) were measured. Curves of (/J, t ) 
are reversible and relatively homologous (Fig. 8); law of 
variation of <r' with t is same as that of a m with t (Fig. 9) 
( 49 >. 

Swedish iron (C = 0.046%); annealed 20 min at 800° ca .; 
thermal irreversibilities were not prominent ( 44 ). 

Soft iron; annealed at 800°C; relation between H c and t is 
very definite and shows no thermal irreversibility (* 9 ). 

Mild steel (C =* 0.44%); wire; heated to 1200°C for a day, 
surrounded by porphyrized iron; during measurements it 
was sealed in Pt tube ( 14 ). 


17/ (34) 

27.5°C 

— 186°C 

H 

In 

H 

In 

F77 

81 

2.23 

77 

3.55 

243 

3.39 

247 

4.10 

582 

4.55 

453 

7.40 

890 

5.00 

578 

16.3 

1 138 

15.4 

1 085 

30.3 

1 251 

44.7 

1 302 

53.4 


135.0 

1 464 

103.7 

1 419 

221.8 

1 543 

234.6 

1 545 

283.9 

1 587 

349 


385 

1 636 

473 


478 

1 665 

554 



1 681 


19* ( 44 ) 


Normal 


/. 




Anhyatere«> 


10 


16 


21.7 


1 380 


435 

470 


Of 000 

1(4 800 



*23 p 200 

502 69 200 
64 100 

67 300 
64 600 

68 500 

69 000 
66 200 




a, Specific magnetisation ( I4 )l see Fig- 10 


20.0°C 


10 

15 

25 

50 

75 

100 

160 

300 


123(7) 

136.0 

153.7 

464.3 

171.8 
183.7 

201.3 


275, 0°C 


117(7) 
126(7) 
138 
151.8 
162.0 
171.1 

184.3 

200.3 
Continued 


477. 0°O 

• > 


601. 0°C 688. 0°C 


117(7) 
129(7) 
140.5 

155.0 
166.2 

173.0 
180 3 
186.8 

on p. 878 


114(1) 

129 

137.0 

147.8 

162.0 

154.9 
168.8 

102.9 


89(1) 
100 
108.0 

114.7 

117.9 

119.9 

121.8 

124.7 


< 




I 
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Fio. 7. Susceptibility («„) of nickel (i*«) in weak fields (•«) 



°f n 'aenetuation 6r lr» Ure °* ree 'dual magnetisation («y) and 

Ordinates are ° ? / ff " at £ ratl °“ (*„„). Various authors, t, (4.), 
temperature In“d«'_‘A </<r«>,io if H is grea,t, At room 

Bpecunen is heAt^ ♦ ’ I®* 1 ® 1 * 1 n^gnetiiation is <r r ; keeping H * 
cr_ ueaieo to temneratnm t »nA +k« ™ ^ 1 


0 



P'lo w 

lOftn 4 * 6 (<r * of 11111(1 8teel M ( ,4 )* Curv® 8 

100 °. and 5000 ♦ i J^ rtl0 ? a of cur ve I with ordii * - 


ordinates magnified 10, 100, 

L 1 » 


• 7 H Swedish Iron 



763 C 


Fig. 8. Variation of residual magnetization (Ir) with temperature 

(49) TK A API m A r\ ia m o I rr» rv^i r« a J a. _ _ a _ ' _ 1 a r % 


). The specimen is magnetized to a certain value of I r when at 
room temperature and in zero field. It is then heated in zero field to 
several successively higher temperatures and at each the magnetization 

d r ) remaining is measured. Thus a curve for each initial value of I r 
is obtained; cf. Table 5. 
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?8 


Fig. 11. — Effect of C and of Si 
upon hysteretic loss ( 94 ). Effect 
of other impurities has been elimi- 
nated. B m jh. = 10 000. In re- 
gion (1), C is in solution, d IF/ /dC 
= 100 000; in (2), C is in 
form of FejC, dIFz/dC = 2 500; 
in (3) C is in form of pearlite, 
dWi/dC = 16 500; in (4), C 
exists as graphite, dWi/dC = 0; 
unit of C «= 1 %. 

5/4 


Fig. 13. — Effect of C and of Si 
upon permeability ( 9 <). Not cor- 
rected for size of grain; cf. Figs. 
14, 15. 


II 



li 




It 


( 




! 


1 2 


0.6 O .0 

Carbon 


i.4°/ c 




t 

: 




— 

■ . ■ 


_ 




" (2)1 




r ~ 





_L 







0.004 0.000 O.OI2 0.016 0.0 20 0.024 0.020% 

Carbon 


Fig. 12. — Effect of C upon coercive force (•*)., Not corrected 
for size of grain. In region (1), C is in solution, 11 e = 80C; in (2) 
dH e /dC - 2.5; in (3), cementite, dH e / dC =0.8; in (4), pearlite, 
dH e /dC “5.4; unit of C — 1 %; t>. also Table 8. 
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Table 5. — (Continued from p. S76) 



Table 6.— Magnetic Properties 


For properties in very weak and in very intense fields, see Tables 3 

and 4; for impurities, see Table 1 

Key | Remarks 

Heraeus. Fused in vacuum. Very pure; the 
mere traces of impurities contained in it are too 
small to be measured by the usual methods. 
At H = 16 820, ffi7°c = 217.87; from an experi- 
mental study of the laws of approach to abso- 
lute saturation as H and T are varied, and by 
an extrapolation from H = 18 550 and T — 
100°K to H = « and T = 0°K, it was found 
that <r,o = 221.9?; hence v. X atomic weight = 
12 390 = 11 X 1 126 that is, the magnetic 
moment of the Weiss magneton is 1 126, cf. 
146.1, Table 19, p. 403, see also p. 345 (®°). 
Merck. Fused in H. Tabular values have been 
corrected for thermal expansion, d so = 7.854 g/ 
cm*; a measured for H — 8 800, 10 500, 12 400, 
and 13 500, and <r. obtained by extrapolating 
(<r, H" 1 ) curve to H = <*> ( 53 ). 

Fused in N in crucible of calcined magnesia. 
Using H = 1 700 to 20 000, found (* 3 ) <r. f ao.i*K 
- 1.0175 <t,,jo°c; data corrected for thermal 
expansion (® 3 ). (No other data given.) 

Fused in vacuum and annealed; C = 0.0015%. 
Fused in vacuum and annealed; C = 0.0017%. 
Fused in vacuum and annealed; C = 0.0018%. 
?used in vacuum, forged, annealed from 900°C, 
cooling to 200°C in 48 hr. Before forging, C - 
0.006%; after, C » 0.0125. 

Annealed from 800°C, C = 0.012%. 


6 

7 

8 
10 


IS 


Table 6. — ( Continued ) 


Key 


Remarks 


15 


Plate, C =* 0.024%; d - 7.876 g/cm*; a m « 
218.4 after correction for effect of C, Si, Mn; 
15c = unannealed, 15 ai = after first annealing 
in vacuum (800°C for 24 hr), 15ai* » after 13th 
annealing (830°C), rapid cooling. After 5th 
annealing (920°C, rapid cooling), /*»(niax.) = 
11 600, He = 0.225, Br — 5 000. 


Key = 

6 

7 

8 

10 

| 15c 

15., 

15.1, 

H 

Bn, Normal induction 

0.2 







• 

0.4 








0.5 




6 090 



2 350 

1 




9 500 

600 

10 240 

4 850 

2 




12 350 




4 








8 




15 590 




20 




16 200 

15 300 

10 200 

15 850 

100 




17 950 

18 380 

18 050 

17 700 

% c 



0.0018 

0.006 

0.024 

0.024 

0.024 

M»(max.) 



24 900 

12 950 

1 850 


4 900 





6 550 




Bmax. 



10 000 

15 000 

19 710 


18 520 

B r 




9 940 

11 450 


850 

He 



0.23 

0.34 

2.83 


0.155 

w 


647 

735 

1 990* 




Lit. 

(»«) 

( 94 ) 

(® 4 ) ! 

( 90 ) 

(22) 

(22) 

(22). 


* For Bmn* - 10 000, W - 1 060. 

Key = | 

15c 

15 a t 

«... 

H j 


Permeability ( 22 ) 

0.25 


i 


0.5 

360 I 

15 000 

4 700 

0.75 

467 

12 400 

4 807 

1.0 

600 

10 240 


1.5 

1 010 

7 600 

4 733 

2.5 

1 748 

5 120 


5 

1 784 

2 894 


10 

1 285 

1 550 

1 535 

20 

765 

810 

792.5 

50 

343.0 

342.0 

334.4 

100 

183.8 

180.5 

177.0 

150 

127.7 

125.8 

123.5 

200 

98.5s 

97.25 


300 

68.83 

09.00 


500 

43.26 

43.34 


1 000 

22.52 

22.57 


2 000 

11.81 

11.81 


3 000 

8.21 

8.21 


4 000 

0.405 

0.405 


4 500 

5.802 

5.811 

4 900 

M«(max.) 

1 850 

14 000 

1000* 

j 3.08 

0.78 

A fft 

He 

2.8 

0.37 

O.lo 



±200 

-±150 

100 

50 

25 

10 

5 

2.5 


B , Cyclic i 

±19 710 
+19 160 
18 510 
17 470 
16 480 
15 240 
14 170 
13 200 


±19 450 
+18 870 
18 150 
17 230 
16 580 
15 920 
15 320 
14 400 


✓ 

+18 520 
17 700 
16 770 
10 100 
15 520 
15 120 
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Key = 

H 

F 1 
0 

- 0.25 

- 0.5 

- 0.75 

- 1.0 

- 1.5 

- 2.5 

- 5 

- 10 
- 20 
- 50 
-100 
-150 

Br 


Table 6. 

16, ~~~ 

l 

12 270 
11 440 
11 200 
10 930 
10 620 

10 300 
9 420 

+ 3 100 
- 7 770 
-12 760 
-15 300 
-17 150 
-18 380 
-19 160 

11 440 


-( Continued ) 

15 ai ~ 

Cyclic induction 

13^020 
10 850 
+ 9 400 

- 6 500 

- 8 900 
-10 000 
-11 400 
-12 800 
-14 460 
-15 500 
-16 200 
-17 100 
-18 040 
-18 870 

10 850 


( 22 ) 


___±LL_ 

6~300 
+ 850 

- 350 

- 1 600 

- 2 700 

- 3 850 

- 6 000 
-10 200 
-14 500 
-15 350 
-15 850 
-16 720 
-17 700 
-18 520 

850 


13 


/j n , Permeability ( 68 ) 


0.2 0.5 


-190 
-121 
- 60 
+ 23 
102 
203 
308 
403 
498 
547 
596 
642 
688 
724 
752 


60 

65 


m 

m 

[il 


781 


» // for m. (max. 

13 («») 


t 


-190 
-120 
- 60 
+ 23 
102 
203 
308 
402 
498 
550 
596 
640 
685 
724 
752 
768 


90 

120 

190 

260 

400 

600 

800 

1200 

2600 

4000 

4400 

5600 

6400 

8400 

9200 

4200 


100 

250 

400 

500 

800 

1200 

1900 

5500 

7000 

7000 

6800 

6600 

6300 

6100 

6100 

2800 


1.5 

140 

250 

400 

870 

2200 

4000 

5400 

5740 

6140 

6000 

5300 

5740 

6540 

4800 

4600 

2140 


190 

700 

1100 

1900 

3150 

4350 

4850 

4900 

5160 

5050 

4950 

4800 

5500 

4050 

3650 

1700 


430 

1000 

1800 

2600 

3130 

3630 

3760 

3780 

3830 

3710 

3610 

3500 

3230 

2950 

2600 

1260 


1130 

1200 

1300 

1400 

1420 

1430 

1440 

1360 

1320 

1290 

1290 

1240 

1170 

1040 

880 

430 


60 

286~ 

284 

283 

281 

280 

275 

270 

270 

266 

265 

255 

242 

220 

186 

153 

78 


lf9~ 

5.4 
4.2 
2.9 

2.4 
1.8 
1.45 

*1.25 

1.00 

0.90 

0.85 

0.80 

0.76 

0.44 


(68) (Cycle H = 


W B 9 ot 


26 900 17 600 
24 150 17 600 
21 200 17 500 
17 490 17 400 
14 320 16 900 
9 670 16 150 
7 630 15 960 
6 990 15 900 
5 080 15 840 
4 260 15 640 
3 420 14 880 
3 040 14 390 
2 640 13 050 
1 610 11 090 
1 020 8 760 
564 5 140 


* See alio Table 4 . \ For H 


- ±90) 


B r 


11 300 

12 300 

13 200 
13 600 
13 440 
12 920 
12 400 
11 400 

9 930 
9 340 
8 290 
7 860 
6 800 
5 280 
3 470 
1 030l 


- 90 . 


*-( 63 ) 


H e 


4.00 

3.55 

2.97 

2.31 
1.93 
1.48 
1.39 

1.32 
0.87 
0.86 
0.83 
0.75 
0.60 
0.44 
0.25 
0.14 


-188 220 
- 78 219. 
-f 16 216 
105 213 
181 210 
265 205 
337 200 
426 1 92 
499 183 
526 179 
562 173 
603 161 

630 154 

631 153 

632 151 
642 148 


.9 645 
.0 656 


.2 662 
.3 670 
.4 671 
.7 679 
.8 682 
.2 700 
.7 718 
.3 724 
.4 747 
.7 751 
.6 769 
.7 761 
.9 769 
;.l 772 


147.7 

144. a 

142.9 

137.8 

138.8 

133.1 
131.3 
120.5 

106.2 
105.0 

83.5 

75.1 

62.1 
58.8 
40.1 

I 24.0 


Carbon Irons and Steels 
Introduction 

In carbon irons and in carbon-silicon irons, the C may exist in 
one or more of three states. If the amount is small, the C is in 
solution; in this form it has a very great effect upon the magnetic 
properties. In larger amounts, the excess is precipitated as Fe»C, 


at first in isolated masses of cementite, later as pearlite. In still 
larger amounts, the excess is precipitated as graphite; as graphite, 
it has scarcely any effect upon the magnetic properties. Mild 
steel contains only a small amount of C, and when annealed from 
about 900°C, the C is in the form of pearlite. Hard steel, or 
martensite, contains more C. Steel containing 0.85% C is a 
eutectoid; under suitable heat treatment it forms a material of 
homogeneous composition; there is no segregation of either ferrite 
or cementite. For effect of C and of Si upon permeability, see 
Fig. 13. 

The magnetic quality of a material may be expressed by the 
hysteretic loss (IP) per cm 3 per cycle of amplitude Bm*x. (say, 
Bn*x = 10 000), by the coercive force (H c ) for » or by the 
maximum reluctivity (1 /m* max.) (cf. Pigs. 12, 13). 

Effect of C and Impurities upon Hysteretic Loss. — If Wi refers to 
the condition of very large grains, and if A = number of visible 
grains per mm 2 when the surface is polished and etched, then if all 
the C is dissolved, W = W t + 65a/ A r ; if cementite, pearlite, or 
graphite is present, W = Wi -± 3A. For a carbon iron, or for a 
carbon-silicon iron, containing C% of C and no other impurity, 
Wi = a + b(C - d) } where a, 5, d depend upon the Si content; 

see Table 7 and Fig. 11. 

Table 7.— Effect of C upon Hysteretic Loss ( 94 ) 

Wi = a + b(C - d); unit of C, of Si = 1% («. a^o Fig. 11) 


a | b 

~ 0 100 000 0 
850 1 2 250 0 . 0085 


0.10 0.90 1 033 16 500 0.09 


0 0.0082 

0.01 0.50 
0 0.0082 

0.01 0*079 


0.0791.0 1 009 


0 100 000 0 


00 



Range o f C | a \ b d | State of carbon 

0 10 O.OO82 0 100 000 0 Dissolved 

0.01 0.08 850 2 250 0.0085 Dissolved and cemen- 

tite 

0.10 0.90 1 033 16 500 0.09 Dissolved, cementite, 

and pearlite 

2 0 0.0082 0 100 000 0 Dissolved 

0.01 0.50 900 16 500 0.009 j Dissolved and pearlite 

4 0 0.0082 0 100 000 0 'Dissolved 

0.01 0*079 850 2 250 0.008s | Dissolved and cemen- 

tite 

0.079 1.0 1 009 0 0 Dissolved, cementite, 

and graphite 

6 0 0.0065 0100 000 0 Dissolved 

0.01 L0 700 00 Dissolved and graphite 

Small amounts of S, Mn, and P increase Wi bv the amounts 
(AlP) indicated by the following equations ( 94 ), the symbol 
denoting the percentage of the corresponding element: If Si = 0, 
and approximately if Si < 2, AlF = 195 + 18 0O0S + 1 OOOMn + 
13 000(P - 0.015), provided S ^ 0.10, Mn ^ 1.0, P ^ 0.015; if 
0:015 < P ^ 0.14, the coefficient (13 000) of last term must be 
replaced by zero. If Si = 4, and approximately if 4 ^ Si ^ 6, 
dW = 12 000S ±- 800 Mn - 4 000P. The presence of P is un- 
desirable if Si = 0, but desirable if Si = 4 to 6. 


0 0.0065 

0.01 1.0 


0100 000 0 
700 0 0 


Table 8. — 


Coercive Force (//,): Effect of C and Quenching 
Temperature (f fl ) ( 22 ) 

Unit of C = 1% by weight 

750°C 1 800°C 850°C 900°C 950°C 1000°C 1100°C 

I 



1.80 

3.72 

5.43 

6.74 

7.28 

25.3 
26.8 

37.3 
46.0 
31.6 


2.34 

4.61 

8.10 

14.3 
13.2 

35.6 

34.4 
46.8 
46.1 

46.7 


4.48 

3.83 

9.15 

25.7 

23.2 
36 7 

34.2 

47.4 

46.2 

46.5 


17.1 

15.1 

11.7 

13.2 

17.9 


12.4 

15.7 

26.0 

25.8 

25.0 

25.0 

27.1 

27.0 

26.0 

25.5 

21.6 

16.5 

17.8 

19.5 

34.8 

35.0 

35.0 

32.9 

34 2 

33.2 

32.7 

30.6 

47.4 

47.3 

45.7 

41.1 

46.2 

45.2 

44 5 

40.3 

46.8 

45.6 

44.2 

40.4 
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Table 8. — ( Continued ) 



750°C 800°C 850°C) 900°q 950°C 1000°C ' 1100°C 


0.800 



1.575 

1.775 


42.5 

48.9 

40.1 

54.0 

52.0 


48.2 

55.6 

60.6 
61.0 
59.7 


47.5 

48.6 

58.2 

61.6 

62.2 


47.0 

46.9 

44.7 

46.2 

46.8 

42.9 

69.2 

55.9 

53.8 

69.7 

56.4 

44.1 

67.0 

70.1 

69.1 


42.2 

41.0 

47.1 
36.4 
47.7 


Also (9*) t if C < 0.006, H e « 80C; 0.006 < C < 0.09, H t = 

80C + 0.8(C - 0.006); 0.09 < C, H e = 80C + 5.4(C - 0.09); 
see Fig. 12. 

Cemenlite (35).—Fe a C; d = 7.07, ^ = 135, 0 * 215°C. 
Pearlite (22).— If the pearlite contains p% C, d^. = 7.876 - 
0.03p; Pred = 10.5 -f 3p + 2 p* and H e = 0.7 + 7.5p if p £ 0.9; 
if p 5 1, for p, and >0.9, for H e , the increase is less rapid than is 
indicated by equation. 4r/. (red ) = 21 620 - 1 580 p if p < 
0.96, = 20 100 - 930p if p > 0.96; from = 20 000, B r 

varies unsystematically around 10 000. 

Martensite (22).— (i) Quenched at 850°C. If p d % of dissolved 
C and p c % of C in form of cementite, d red. = 7.876 — 0.14p rf — 
0.03p c , p r *d. = 10.3 -f 1.6p<* -f- 3p e -f 23pJ 4* 2 p\ if p e % 0.9, if 
p c 5 l, the increase is less rapid. If p( = p e -f Pd ) <1.2, « 

21 620 — 3 200 p; if p > 1.2, the decrease is less rapid; for aged 
material, 1 000/3 = -0.63 + 0.42p, 0 » 0 if p = 1.5. (2) 

Quenched at 1100°C. d,*,. = 7.876 - 0.08p if p < 1; _ 

10.3 -f 9.3p -f 7.4p 2 if p < 1.8; 4 r/. (red .) « 21 620 - 2 060p if 
p < 1.1; for aged material, 1 0000 =* -0.50 + 0.34p. 


Table 9. — Annealed Carbon Irons: Principal- Magnetic 

Constants 

“n 1 = a 4- bH if H is great; a derived from observations at H £ 

1000 gauss; for composition, see Table 1 


Key 


%C 


0.018 

0.14 

0.23 

0.32 

0.52 

0.85 

0.88 

1.28 

1.32 

1.S5 

1.60 



930 

930 

870 

870 

820 

760 

760 

760 

760 

760 


fl mn Br 


150 gauu [(**), 
18 740 11 680 
18 240 9 980 

18 010 10 010 


He | Mn (max. ) 


except if (•*)) 


17 790 
17 310 


9 830 
9 410 


15 260 11 100 

16 050 10 610 
15 130 10 730 
14 990 10 530 


14 190 
13 850 


9 390 
8 990 


3.1 

3.3 

4.5 

5.0 

6.1 
6.9 

8.5 

8.3 

7.5 
7.5 

11.0 


5 320 
2 990 
"2 090 
1 560 
1 180 

830 

880 

920 

900 

470 


1 703 
1 722 
1 688 
1 670 
1 626 

1 583 
1 537 
1 507 
1 528 
1 534 


0.0104 

0.0232 

0.0133 

0.0147 

0.0186 

0.0316 

0.0530 

0.0431 

0.0579 

0.0537 



Umax 

- 150 gaasft 

((«) 

; except 

46, ff M i. - 200 

(«)) 

16 

0.027 


18 

850 

9 

850 

0.76 

6 

400 

1 

683 

18 

0.044 


19 

100 

11 

050 

0.37 

14 

800 

1 

704 

28 

0.085 


18 

620 

10 

250 

0.885 

5 

700 

1 

702 

84 

0.23 

930 

18 

050 

10 

600 

2.35 

2 

180 

1 

664 

41 

0.69 

930 

17 

000 

11 

100 

6.29 


880 


615 

47 

0.99 

930 

16 

440 

9 

950 

7.50 


660 

1 

592 

66 

1.57 

930 

15 

000 

10 

300 

10.23 


530 

1 

550 

59 

1.78 

930 

14 

500 

10 

000 

12.52 


415 

1 

517 

•6 

3.109 


11 

920 

5 

300 

4.6 


620 

1 

333 


Table 10. — Quenched and Drawn Carbon Irons: Principal 

Magnetic Constants (H) 

*n l * o 4- bH if H is great; a derived from observations at H & 
1000 gauss; for material and impurities, see Table 1; see also 
Figs. 14, 15, 16 and Table 11. 


t 

100 

170 

230 

270 

350 

450 

500 

700 

X 

150 

200 

250 

300 

400 

470 

600 

t 

150 

200 

250 

300 

400 

470 

600 

t 

100 

170 

230 

270 

350 

450 

500 

700 

X 

150 

200 

250 

300 

400 

470 

600 

X 

100 

170 

230 

270 

350 

450 

500 

700 


Brf ffef 


36, 0.32 % C; quenched at 900°C; drawn to Q, 


16 470 21 450 12 950 18 

16 240 21 200 12 300 21 

16 290 21 250 12 550 19.5 

16 790 21 520 13 520 19 

17 030 21 790 13 550 16 

17 300 21 540 14 100 15 

17 350 21 440 15 300 14 

16 750 21 000 15 060 14 

16 780 20 940 15 000 8 


16 040 
16 570 

16 510 

17 050 
17 170 
17 270 
17 250 
17 230 

97 , 

16 120 

15 850 

16 310 

16 950 

17 130 
17 180 
17 080 
16 950 

44 , 0.88 % 

7 990 
9 870 

8 510 
- 12 950 

15 400 

16 830 
16 290 
15 530 

15 4.50 

8 000 
8 130 

7 300 

14 080 

16 450 
16 550 

15 850 
15 540 

46,0 

8 990 
6 800 
8 200 

12 250 

13 600 

14 900 
14 550 
14 180 
13 880 


21 680 12 860 20 
21 660 12 840 15 

21 440 12 900 21 

21 740 13 100 16 

21 520 13 420 16 

21 540 14 710 16 

21 440 15 100 16 

21 490 15 350 10 

0.39 % C; quenched at 
21 630 12 450 19 

20 940 12 000 16 

21 440 12 500 20. 

21 740 12 800 18. 

21 740 13 340 18 

21 420 14 360 16 

21 340 14 940 18 

21 460 15 080 10 

C; quenched at 800°C; 

17 100 7 700 56 

18 100 8 100 43 

17 050 7 710 48 

19 720 10 220 41 

21 040 10 900 27 

20 720 13 780 24 

20 420 14 580 30 

19 820 14 480 28 

19 840 13 800 14 


333 

317 

339 

38.1 

462.5 

472 

551 

915 

290 

346 

354 

388 

425 

477 

514 

834 


°C (2 specimens) 

1 660 0.014 386.5 

1 610 0.016 446.5 
1 640 0.015 414.5 
1 650 0.010 409, 

1 674 0.010 348.3 

1 660 0.011 323.2 

1 620 0.014 294 

1 616 0.020 167.5 


1 676 
1 670 
1 658 
1 674 
1 650 
1 660 
1 660 
1 660 


0.015 

0.015 

0.015 

0.015 

0.011 

0.010 

0.015 

0.014 


800°C; drawn to t d , °C 

303.5 1 670 0.015 

306 1 746 0.028 

5 332 1 660 0.017 

5 370 1 668 0.018 

400 1 680 0.012 

458 1 650 0.011 

452 1 660 0..012 

656 1 680 0.020 

drawn to t* °C (2 specimens) 
80 1 446 0.100 

107 1 500 0.070 

86.5 1 410 0.089 

158.5 1 540 0.082 

266 1 680 0.020 

319.5 1 596 0.011 

262 1 590 0.020 

276 1 550 0.028 

521.5 1 560 0.020 


17 080 

16 840 

17 140 


7 700 

7 500 

8 000 


20 340 11 000 
20 660 13 120 
20 340 14 060 
20 140 14 600 
20 020 14 280 


54 

56 

51 

39 

27.5 
30 
32 

20.6 


80 

107 

86.5 

158.5 
266 

319.5 
262 
276 

521.5 

80.5 

81.5 
85.7 

182 

292 

389 

262 

368 


1 446 
1 500 
1 410 
1 540 
1 680 
1 596 
1 590 
1 550 
1 560 

1 440 
1 414 
1 408 
1 580 
1 596 
1 576 
1 562 
1 573 


433.6 
325 
451 
348 

344.6 
345 

343.2 
214.9 

411.5 

336.3 
440 

402.5 

391.5 
343 
384 

214.6 

958 

778.4 
819 
809 
568.8 
498 

611.5 
556 
278 


0.095 

0.098 

0.078 

0.025 

0.011 

0.016 

0.016 

0.022 


45, 0.96 % C; quenched at 800°C; drawn to U* *C 


17 780 
16 490 
15 490 

18 690 

19 240 


7 900 
7 350 
6 750 
9 150 
9 900 



• Cyclic; Han 
t Cyclic; Han 
X Not drawn. 


19 640 11 740 
19 240 ,12 500 
18 740 12 800 
18 360 12 220 


■ 100 gaum. 

■ 1000 gauaa. 


44 

47 

44 

36 

31 

32 
34 

29.5 

16.5 


93.4 

1 510 

67.6 

1 390 

86.6 

1 270 

153 

1 470 

202 

1 510 

240 

1 526 

199 

1 520 

255 

1 468 

390 

1 450 


6.103 

0.090 

0.081 

0.038 

0.027 

0.023 

0.040 

0.032 

0.038 


928 

944 

874 

794 

562 

611 

646 

411 

788 

775.8 


678 

506 

628.5 
654 

582.6 
285 
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Fig. 14. — Effect of C upon normal induction (*>). Specimens 
annealed in vacuum. On tho curves are the key numbers (Table 1) 
of the materials. 
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Fig. 15. — Effect of drawing 
temperature (f<j) upon normal 
induction (»»). = 1000. 

On the curves are the key num- 
bers (Table 1) of the materials. 
Quenching temperature = t q \ for 
36, t g = 900°C; 37, t g = 850°C; 
44, 45, t q = 800°C. 
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Fig. 16. — Effect of drawing 
temperature Ud) upon coercive 
force ( 1 1 ) . 

Conditions as for Fig. 15, q.v. 


Table 11. Normal and Cyclic Magnetization op Carbon Irons: Various Heat Treatments 


For material and impurities, see Table 1; t a = 900°C, except as indicated 


Key ! 

16 c 

16a 

18c 

18 0 

28 c 

0 

00 

<N 

H 

i ■ ■ — • 

I Mn, Normal permeability ( 22 ) 

• 

0 25 

1 200 

1 240 

960 

12 400 

1 1 400 

1 800 

0.5 

1 800 

2 000 

1 200 

14 200 

2 GOO 

3 100 

0.75 

3 000 

4 530 

1 530 

11 920 

4 140 

4 940 

1.0 

5 000 

6 350 

2 300 

10 20 f > 

4 600 

5 650 

15 

5 330 

5 600 

4 030 

7 820 

4 200 

5 460 

2.5 

4 200 

4 220 

3 720 

5 370 

3 360 

4 320 

5 

2 580 

2 590 

7 2 430 

3 000 

2 210 

2 710 

10 

1 460 

1 460 

1 410 

1 570 

1 330 

1 500 

20 

785 

810 

775 

805 

740 

785 

50 

340 

340 

336 

340 

330 

335 

100 

179 

181 

180 

183 

175 

178 

150 

124.7 

125.7 

125.0 

127.3 

122.7 

124.1 

300 

67.3 

67.3 

68.0 

68.1 

66.7 

67.3 

500 

42.4 

42.3 

42.9 

42.9 

42.2 

42.8 

1 000 

22.12 

22.04 

22.35 

22.32 

22.10 

22.34 

2 000 

11.60 

11.57 

11.70 

11,69 

11.61 

11.69 

3 000 

8 07 

8.06 

8.14 

8.14 

8.08 

8.14 

4 500 

5.71 

5.71 

5.76 

5.76 

5.72 

1 

5.76 


B, Cyclic induction ( 22 ) 


1 50 

18 700 

18 850 

18 750 

19 100 

18 400 

18 620 

100 

17 970 

18 130 

18 000 

18 300 

17 600 

17 800 

50 i 

17 030 

17 220 

17 000 

17 120 

16 500 

16 800 

25 

16 240 

16 530 

16 070 

16 430 

15 600 

16 070 

10 | 

15 300 

15 700 

14-4930 

15 850 

14 600 

15 350 

5 ' 

14 500 

14 220 

14 040 

15 500 

13 300 

14 740 

2.5 

13 700 

12 920 

13 000 

15 100 

11 900 

13 740 

1 

12 700 

11 600 

11 900 

13 700 

10 160 

12 300 

0 

10 400 

9 850 

10 600 

11 050 

7 850 

10 250 

0 25 

10 850 

8 950 

10 150 

+ 9 400 

6 800 

9 500 

0.5 

10 200 

7 100 

9 630 

- 6 300 

4 700 

8 250 

75 

9 200 

+ 1 000 

9 000 

- 9 000 

-F 1 200 

-F 4 400 
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FERROMAGNETISM: Fe-C 



H 


20 
50 
100 
150 
200 
300 
500 
700 
1 000 
1 500 
000 
500 


2 

2 


20 
50 
100 
150 
200 
300 
500 
700 
1 000 
1 500 
000 
500 


2 

2 


20 

50 

100 

150 

200 


Table 11. — ( Continued ) 



+ 1 



11 450 


0 


11 600 

11 100 

10 000 

- 1.0 



10 650 


+ 1.5 

+ 8 000 




2.5 



9 500 

• 

5 


10 880 

+ 4 800 

9 620 

10 

-11 950 

9 650 

- 7 300 

9 200 

20 

Bl ■ 

+ 3 600 

-11 950 

+ 8 220 

50 


-13 450 

-14 600 


75 

-16 650 

-15 220 

-15 500 


100 


-16 150 

-16 080 


150 

-18 050 

-17 300 

-17 000 

-14 900 

200 


-18 140 


-15 860 

300 


-19 280 



b r 

10 600 

11 600 

11 100 

10 000 

H e 

2.35 

23.2 

6.29 

47.4 

p„(max.) 

2 180 


880 


Mo 

170 

76 

126 

54 

4r/ to0 tj 8 _ 

20 900 


20 220 

19 450 

4jt/ cored. 

20 970 


20 340 

19 770 

PJO 

10.95 

12.75 

13.21 

21.17 

1000ar rftd . 

5 56 

4.75 

4.95 

3.03 

dj»d 

7.858 


7.843 I 

1 


10 270 
9 950 
9 520 

8 800 
+ 6 800 
- 4 650 
-10 600 
-13 850 
-14 820 
-15 500 
-16 440 



20°CJ 


700 
3 250 
8 950 

11 380 

12 750 

14 050 

15 550 

16 500 

17 450 

18 580 

19 350 

20 000 


100°C 

900 
3 300 
8 900 

11 450 

12 700 

13 950 

15 550 

16 550 

17 500 

18 550 

19 380 

20 100 


170°C 

1 300 
4 850 
10 450 

12 520 

13 630 

14 900 
16 050 

16 850 

17 650 

18 620 

19 400 

20 100 


200°C 

1 200 
5 850 
11 400 

13 230 

14 220 

15 320 

16 660 

17 420 

18 250 

19 150 

19 900 

20 600 


9 950 
7 50 
660 
132 

19 860 

20 060 
15 57 
4.35 
7.848 

( 47 ) 

230°C 

7~550 
9 600 

14 370 

15 900 

16 850 

17 950 

19 460 

20 220 

20 850 

21 630 

22 280 
22 800 


350°C 


400°C 


430°C 


3 550 
14 350 

16 560 

17 400 

18 000 

18 900 

19 400 

19 900 

20 360 

21 050 
21 660 

22 250 


3 550 
14 450 

16 580 

17 550 

18 050 

18 650 

19 400 

19 880 

20 400 

21 100 

21 650 

22 120 


3 550 
14 650 
16 800 

17 650 

18 150 
18 800 

19 500 

20 000 

20 500 

21 200 

21 750 

22 200 


450°C 

2 850 
14 250 
16 600 

17 400 

18 100 
19 100 
19 250 

19 900 

20 400 

21 100 

21 650 

22 150 


470°C 


2 

13 

16 

17 

18 
18 
19 

19 

20 
20 
21 
22 


750 

850 

450 

420 

000 

750 

180 

650 

120 

850 

500 

050 


6 700 


+ 


6 000 
5 080 
400 

- 6 300 

- 9 100 
-11 450 
-12 670 
-14 250 


6 700 
48.6 


18 220 
18 420 
34.74 
1.70 
7.747 


250°C 

2 350 
12 750 

16 300 

17 450 

18 150 

19 100 

20 200 

20 700 

21 250 

22 000 
22 600 
23 150 

500°C 



20°CJ 


102°C 


43§R n , Normal induction (47) 

i " r 

170°C 


200°C 


230°C 


t Oil- (Ui-nched at 800°C. 


780 

700 

840 


3 050 


beh 

8 750 


11 500 

11 250 

11 200 

12 700 

12 450 

12 370 

t Undrawn. 

( Water-quenched at 800°C. 


950 
5 350 
11 600 

13 500 

14 600 


I 2 200 

9 900 

14 360 

15 900 

16 500 


3 800 
13 650 
16 600 

17 820 

18 500 


10 300 


9 700 
8 650 
+ 900 

- 8 800 
-12 570 
-13 500 
-14 130 
-15 000 


600°C 



270°C 


2 400 
13 400 

16 580 

17 830 

18 500 


6 650 


+ 


6 100 
5 450 
2 600 
3 700 
7 580 
-10 020 
-11 200 
-12 6.50 


mmm 

6 650 


61.6 

KBfl 


143 


imSESM 

16 710 


16 940 

16.53 

39.57 

4.25 

1.58 

7.828 

7.743 

270°C 

i 

300°C 

2 350 

2 650 

12 920 

14 000 

14 950 

16 630 

17 120 

17 700 

17 700 

18 250 

18 350 

18 850 

19 380 

19 650 

19 750 

20 150 

20 200 

20 700 

20 900 

21 400 

21 420 

21 950 

21 920 

22 400 


700°C 






13 650 



15 870 



16 800 


17 700 

17 300 


18 550 




18 900 


19 720 

19 400 





21 000 



21 620 

21 450 

21 350 

ggjjjjm 

22 050 

21 950 


300°C 


3 700 
14 350 
16 <100 
18 000 
18 570 


( 

I 
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Table 11. — ( Continued) 

43 §#«, Normal induction ( 47 ). — (Continued) 


370°C 


410°C 


46C°C 


475°C 


500°C 


600°C 


id 

H 

20°C{ 

102°C 

170°C 

200°C 

230°C 

250°C 

270°C 

300°0 

300 

14 250 

14 000 

13 700 

15 600 


19 300 


19 300 

500 

15 700 

15 750 

15 250 

16 800 


20 100 

20 100 

19 900 

700 

16 700 

16 700 

16 050 

17 500 


20 500 



1 000 

17 650 

17 700 

16 850 

18 250 

20 100 

21 000 

21 100 


1 500 

18 800 

18 800 

17 800 

19 150 

20 900 

21 800 

21 800 

mr igiTi! 

2 000 

19 600 

19 650 

18 600 

19 800 

21 500 

22 400 

■ 22 300 

22 100 

2 500 

20 250 

20 300 

19 250 

20 400 

22 000 

22 800 

22 800 

HEajEElBi 


700°C 


2 

2 


20 

3 500 

3 900 


2 600 

1 550 

7 500 


50 

14 350 

15 000 


13 450 

12 650 

w ■ 1 1 I IfifojppSfte w* 

13 350 

100 

16 900 

17 050 

16 800 

16 500 

16 070 


. 15 100 

150 

17 700 

18 000 

17 600 

17 500 

17 080 


15 900 

200 

18 200 

18 500 

18 080 

18 000 

17 650 

17 620 

16 400 

300 

19 000 

19 100 

18 800 

18 800 

18 450 

18 250 

17 100 

500 

19 500 

19 750 

19 500 

19 700 

19 250 

19 150 

18 000 

700 

19 950 

> 20 200 

19 900 

20 100 

19 720 

19 700 

18 600 


20 380 

20 700 

20 400 

20 570 

20 300 

20 300 

19 200 


21 050 

21 400 

21 100 

21 200 

21 000 

21 000 



21 650 

21 950 

21 400 

21 700 

21 600 

21 650 

20 700 


22 220 

22 400 

21 900 

22 130 

22 120 

22 250 

■EjEj 


43, § («») | 


« 

43,| 

(64) 



■ 1 ■ ■ 

43a 

(64) 


H 

B n 

1 /w 

Bmnx. 

B r 

H e 

Hmmm 

Bmmx. 

B r 

H, 

14 

540 

42 

2 720 

950 

9 

32 

12 080 

7 500 

5.0 

30 

1 320 

86 

8 050 

4 540 

22 

92 

15 020 

10 980 

6.5 

56 

3 880 

137 

11 210 

6 900 

34 

120 • 

15 570 

11 650 

9.0 

88 

8 040 

190 

12 680 

7 600 

44.5 

183 

16 280 

12 100 


118 

10 220 


13 160 

7 700 

46.0 

246 

16 990 

12 500 


156 

11 700 


14 360 

8 150 

49.5 

325 

17 690 

13 000 

■TyS 

232 

13 250 

410 

15 240 

8 300 

50.0 

418 

18 140 

12 620 

11.5 

318 

14 400 

485 

15 690 

8 440 

50.5 

500 

18 380 : 

13 100 

12.0 

430 

15 320 

570 

16 290 

8 550 

52.0 

680 

18 970 

13 240 

12.0, 

535 

15 960 

670 

16 580 

8 600 

52.0 


19 380 

13 480 

12.5 

685 

16 660 

748 

16 660 

8 600 

52.0 

1 080 

19 820 

13 600 

14.0 

860 

17 300 

842 

17 220 

8 750 

52.0 

1 260 

20 350 

13 650 

12.5 

1 090 

17 900 

920 

17 420 

8 800 

53.0 

1 520 

20 890 

14 050 

13.0 

• 

1 380 

18 570 

1 050 

18 040 

8 900 

52.5 

1 840 

21 240 

14 000 

13.0 

1 710 

19 100 

1 310 

18 570 

9 000 

52.5 

2 090 

21 930 

14 310 

13.0 


19 520 

1 500 

18 750 

9 100 

53.0 

2 300 

21 940 

14 300 

13.0 

2 420 

20 150 

1 710 

19 000 

9 120 

52.5 

2 430 

21 860 

14 200 

13.0 


20 440 

2 000 

19 540 

9 300 

52.5 







2 290 

19 930 

9 380 

52.0 







2 420 

19 970 

9 300 

52.5 







i 


| Water- quenched ct 800°C. || Oil-quenched at 800°C. 


to 

930° 


* i 

i , 


850° 

1100° 

H 





68 ( 22 ) 



H 


Unannealed 


Annealed 


B, 




Bn 


M" 


2.5 

150 



2.5 j 

235 

94 


5 

190 



5 

570 

114 



325 



10 

1 960 

196 



405 





235 



240 



50 



8 620 


135.4 



100 


93.2 

9 950 

150 

96.7 



150 

10 500 


11 020 


75.0 



200 

L 

11 430 

57.2 

11 920 


53.0 




12 530 

41.8 

12 800 


33.9 

26,7 

21.5 

1 600 | 

13 900 | 

2? 8 

, 14 130 


360 
590 
515 
340 
172 

99.5 

73.6 

59.6 

42.7 
28.3 
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300 
200 
150 
100 
50 
25 
10 
5 

2.5 
0 

- 6 
- 10 
- 20 

- 50 

- 75 
-100 
-150 
-200 
-300 


B r 

H e 

Mnfmax.) 

Mo 

4» r / x ob«. 

PlO 

1000 *^ 


69 (22) 

UOU 


Table 11. — ( Continued ) 



68 ( 22 ) 


(Jnannealed 


Annealed 


B, Cyclic induction 


B n 

| Mn 

1 Bfy 

| Mn 

15 900 

15.9 

16 200 

I 16 2 

17 840 

8.92 

18 120 

9.0c 

19 180 

6.3» 

19 490 

6 . 5o 

20 350 

5.09 

20 670 

5 18 

20 870 

4 65 

21 200 

4 72 

21 920 

4 0 

22 260 

4 0e 

22 920 

3 . 53 

23 2.50 | 

3.5s 


14 

13 

12 

11 

11 

10 

10 

10 

8 

+ 4 
- 6 
-11 
-12 
-13 
-14 


500 

800 

780 

950 

100 

700 

400 

000 

740 

650 

900 

820 

920 

540 

500 


12 600 
11 520 
10 800 
9 870 
8 630 
7 820 
7 250 


6 530 
5 760 
5 300 
4 730 
3 950 
3 500 
3 110 


B y Cyclic induction 


6 820 


+ 


10 000 
12.52 
415 
95 

19 000 
19 100 
17 61 
4.17 
7.799 


6 270 
5 660 
2 700 

- 3 450 

- 7 300 
-10 020 
-11 200 
-12 600 


2 800 


2 480 
+ 1 950 
- 440 
-2 400 
-8 600 
-4 830 
-5 580 
-6 530 


6 820 
62.2 


2 800 
47.7 


37 

16 460 
16 760 
41.65 
1.54 
7.720 


12 110 
12 410 
48.58 
1.87 

7 73/1 


Magnet Steels 

Introduction 

f el3 and ‘hose other steels which possess 
64 6 H P P leS mclude: Carbon steels 26, 33, 39, 42, 48, 60, 63, 
’ man g a nese steel 70; cobalt steels 80 to 85 87 to 90* 

rn'Ic lTr rlr 18 91 ,OM;nickel eteel 101 ; and tungsten steels’ 
For 1 , 0r ' 0m P° sltl0n and designation, see Table 1. 

Mn I 4 ?f;r n ? aneSe 8teels ’ H ‘ » great and is a maximum for 
increases h ’ 'm L '"“ 3 with % °°- An addition of 5% Cr 
saturated onlJ k ?s ‘he ™ atenal very hard so that it becomes 

containing 0 ^ H IT T F ° r the .“K-S." eteel (84, 

950°C- best niiPn^K- V ® r ? at ‘ Best quenching temperature is 

ssrs: t « r , w,it " “• ■— - 

vary greatly with th 16 k ’. 13 ’ th magnetlc properties do not 

°f different rnm e composition. For example, four specimens 

/, = 920 84 ,' gave ’ re8 P ective >y. for = 1500, 

bars, E th : f 2 , 8 .’ T 620 ' f- = 226 > 221, 245, and 257. For 
tsee Fig. 1 7 (33 } ’ ameter “ d * *r w independent of l/d if l > 20d, 




i 
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Table 12. — Cyclic Magnetization 


For composition, see Table 1 

Rings* (15)- see aifQ Fjg Si jg 
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Table 12. — ( Continued ) 


136 


70.1 

78.2 
89 0 

113.0 

161.5 

291 

490 

510 


28.6 
358 
635 
855 
995 
1 115 
1 240 
1 240 


Ir 

H e 

w 


800 

69 

260 000 


Bars§ ( 33 ) 

~h 1 ~TT 

53 54 

91 107 

200 365 

295 909 

344 998 

581 1 171 

870 1 266 

982 1 293 

1 281 1 346 


143 


143 a f 


143, .t 


+ 23 9 
0 

- 25.0 

- 44 6 

- 56 6 

- 72.7 

- 74 2 

- 81 0 

- 89.0 
-113.3 

— 161 . 5 
-183 
-269 
-505 
-515 


920 

850 

705 

545 

415 

+ 23.7 

- 89 

- 323 

- 624 

- 880 
-1 050 
-1 085 
-1 140 
-1 240 
-1 240 


- 26.9 

- 31.7 

- 55.0 
-113 
-290 
-490 
-495 


- 122.5 

- 630 
-1 050 
-1 255 
-1 425 
-1 510 
-1 515 


- 72 3 

- 96 5 
-136 5 
-257 

- 495 


- 161 

- 840 

- 970 
-1 125 
-1 230 


850 

73 

280 000 


900 

26 

115 000 1 

84,,, t q = 950°C; sec also Fig. 20 

Isthmus method ( 64 ) 


850 

70 

265 000 


H 

mu 

~ 26 
48 
84 
100 
149 
224 
296 
410 
490 


max . 


210 

450 

1 140 

2 280 
4 660 
9 080 

11 340 

12 290 


B r 

0 

80 

200 
580 
2 100 
5 610 
7 200 
7 800 


H e 

5 5 
9 


16 

48 

116 

160 

178 


B mu . 

665 
850 
1 060 
1 380 
1 675 

1 975 

2 260 
2 500 


Bg^X. 

13 780 

14 710 

15 530 
15 510 
17 190 

17 750 

18 370 
18 720 


// i / 

84o r 33 ) 

1 322 i 1 499 


See below 


B r 

8 360 
8 650 
8 800 
8 780 
8 850 
8 840 
8 900 
8 900 


• Quenched at 800°C. eicepting 26 at 1000°C, 3J at 8$0°C. and a a noted. — 

t Not quenched. 

J Section - 0.25 cm 1 . 

t Normal magnetuation; H - effective field intensity, corrected for demagnetising field; bare, length - 20 cm; diameter - 0 


6 cm. 


H e 

194 

201 

205 

210 

210 

211 

212 

215 


Table 13. — 


Key 

87 

88 
89 
84 

Quenched 

Key 

87 

88 

89 

l* 

Key 

80 

83 

86 

81 

82 

90 


% C 

0.83 

1.12 

1.24 


Coercive Force and Residual Magnetization and Their Variation with Heat Treatment 

See also Table 12; for composition, see Table 1; temperatures are °C 
Cobalt steels (25); see a Figs. 20, 21, 22 

% Mn | % Co [I Key | % C | % Mn [ % Co || Key 1 %C I % Mn [ % fin | 

48 35 80 1~37 4~7 10 81 E22 3~9 10 

4 7 35 83 1.16 4.4 22 82 1.11 3.5 20 

4 0 35 w 1 15 4.4 33 90 1 11 3 5 3ft 


% C 

1.22 

1.11 

111 


% Mn 

3.9 

3.5 

3.5 


% Co 

10 

20 

36 


K. S. magnet ateel 0.4 to 0.8% C, 30 to 40% Co, 1.5 to 3% Cr, 5 to 9% W; Figs. 20, 22, Table 12 


Water 


H e 

132 
149 3 

149.2 

~H e 

70.7 

126.4 

131.2 
110.0 

114.2 
94.2 


825 


B r 

8270 

9260 

9710 

~b7 


Oil 


H c 


Magnetically very hard 


158.0 

9350 

156.0 

9580 

132.3 

9720 


850 


B e 


Br 


Key 

90 

90 

90 

~h7 


875' 


B DM. 

540 

820 

1110 

~bT 


B r 

8820 

9210 

9310 

~h7 


900 


% Cr 

5.4 

5.1 

4.8 


H e 

217 2 
226.0 
227.1 


3800 

8300 

71.8 

2650 

63.3 

1890 

61.8 

■ 

76 

130 8 

.240 

118.0 

7860 

110.5 

797 

8390 

164.0 

.310 

160.4 

8890 

150.3 

1224 

8790 

114.9 

7760 

113.2 

7650 

112.0 

754 

9850 ' 

155.0 

9430 

153.3 

9270 

158.8 

1322 

9530 

200 1 

9140 

203.8 

9130 

207.8 

1672 
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Table 13. — (Continued) 


Square Bars ( 15 ): l = 20 

td 

Td 

tq 

H . 

i, i 


42, Carbon steel, C = 

0.84% 


Undrawn 



51 

422 

100 

3 hr 


45 

415 

100 

10 


45 

396 

100 

16 


44 

397 

100 

24 


44 

390 

150* 

8.5 


37 

363 

250 f 

7.5 


28 

310 

Total loss at 100° 


13% 

8% 

Total loss at 200° 


41% 

27% 


91, Mo = 

3.5%, C = 0.51% 


I 


850° 

60 

530 


92, 93, Mo = 3.4 to 4.0%, C = 



Key 

136 

137 

138 

139 

140 

141 

142 


Td 

r 

H. 

a 

i. 


850 

66 

510 


830 . 

1 

68 

500 


' 800 

69 

540 


850 

51 

460 


850 

74 

530 


830 

65 

550 


1000 

50 

— 

* 320 



Undrawn 


100 

3 hr 

100 

10 

100 

16 

100 

24 

150* 

8.5 

250 f 

7.5 


94, Mo = 3.9%, C 


Total loss at 100° 
Total loss at 200° 


770 

830 

800 


1.72 

79 
73 
71 
70 
70 
50 
40 
12 % 
60% 
73 
79 
78 


429 
433 
418 
416- 
413 
417 
382 
4% 
11 % 
510 
415 
560 


td 

Undrawn 
100 
100 
100 
100 
150* 

250f 
Total loss at 100° 
Total loss at 200° 
Undrawn 


1 

69 1 

3 hr 

65 

10 

63 

16 

62 

24 

61 

8.5 

46 

7.5 

37 


60 

60 

Undrawn 

60 


7 hr 
42 

52 hr 


a 

Quenched in HjO| 
Quenched in Hg 


770 

770 


12 % 

17% 

70.7 

69.7 
69.9 

70.7 
69.6 

72 
74 

73 
78 


u 

574 

583 

549 

544 

540 

465 

401. 

6 % 

33% 

561 

572 

564 

579 

579 

560 

560 

550 

540 


144, W ~ 7.7%, C - 1.96% 


♦ In addition to 24 hr at 100°C. f In addition 


Undrawn 


" 

79.8 

336 

60 

7 hr 


78.3 

340 

60 

42 


79.0 

339 

Unquenched 


45 

350 

1 


800 

85 

370 


unimportant 






I 

. 



Table 14. — Effect of Mechanical Shock (>*) 

Square bars 20 cm long, side of section = S mm; undrawn; 
dropped on pavement of hard sandstone, alternately with bar 
vertical, fall = 85 cm, and bar horizontal, fall = 30 cm. Initial 
magnetization (before being dropped) *= J r ( max.)*. After being 
dropped N times, additional dropping produced no further change 
in 7; if /, is this equilibrium value, 7 r (max.) - /, ® A X 7 r (max.). 
Drawing at 100 or at 200°C produces little change in A and N; for 
composition, see Table 1. 


Key 

S 

H e 

7 r (max.) 

r-r- 

1 N 

26 


3 

27 

>83% 

>75 

33 


11 

117 

>45 

>95 

39 , 


23 

210 

23 

30 

42 


54 

398 

3.2 

15 

46 


54 

386 

3.4 


50 


58 

451 

4.8 

20 

53 

8.5 

59 

358 

3.5 

15 

54 

8.5 

60 

366 

5.5 

20 

68 

8.5 

46 

274 

8.5 

20 

84* 



854 

6.3 

850* 

92 

10 

85 

520 

3.2 

10 

94 

10 

73 

448 

2.9 

10 

140 

10 

: 74 

580 

3.0 

20 


Key 


Table 14. — (Continued) 


S 


H e 


7 r (max.) U A | N 


143 

10 

72 

570 

6.0 

143 

10 

73 

560 

5.0 

143 

8.5 

94 

680 

2.6 

144 

10 

86 

390 

1.6 


45 

50 

10 

5 


* Falls on concrete: eatiilihrium not attninMl for If ■ 200* M* Fi#. 23- 


Table 15. — Effect of External Magnetic Field ( ,5 ) 

Bars are initially magnetized to 7 r (max.); H «* field required 
to reduce magnetization to 7 0.90 7 r (max.); for composition, 


see Table 1. 


Key 

39 

| 93* 

1 143* 

1 1*3 1 

[ 144* 

H. 

H 

21 

3.5 

80 

21.0 

70 

13.5 

71 

13.0 

78 

27.5 


* Drawn at ®0®C. f Undrawn. 


Table 16. — Temperature Coefficient 

Bars 20 cm long, square section, aide » 1 cm, 7 m 0.90 lr { 
centigrade temperature; for compo sition see T able 1 

0.000217, 


84 

91 to 94 
143 


100‘C 

dolybdenum steel ( ,§ ), dl/dt m 0.00037 
Tungsten Bteel (’ *) dl/dt — 0.0003/ 
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380 



Flo. 18. — Carbon magnet steels. Cyclic magnetization (isj. 
Data are from Table 12; on the curves are the key numbers (Table 1) 




■ |V \CW 

*io. 20. K. S. magnet steel: Cyclic 
Key number M (Table 1); a - annealed, q 

Table 12. 


1' k». 19. Special magnet steels: Cyclic magnetization (**). 

Data are from Table 1 2 ; on the curves are the key numbers (Table 1) 


magnetization (**). 

» quenched at 950°C, cf. 



Fiq. 21. — Cobalt steels: Effect of Mn upon coercive force (* 8 ). 



" o 12 16 20 24 

Time at ioo*c 

Fla. 22. — K, 8 . magnet steel: Aging at 100°C (**). 
Two specimens; key number 84 (Table 1). 


36 hrs 



Fiq. 23. — K. S. magnet steel: Effect of mechanical shock ( sa ). 

Key number 84 (Tuble 1). N «= number of falls; height of fall 
100 cm; strikes on (1) wooden floor, (2) concrete floor. 
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Alloys of Iron 

Table 17 . — Magnetic Properties 
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B, Boron iron (® 1 ). Addition of a small amount of B improves the iron by reducing FeO; a larger amount has an unfavorable 
effect; B is added as a flux in the form of B 7 0 containing 20.3 % B; see Fig. 24. 

Co, Ferrocobalts. Fe 2 Co is more magnetic than Fe ( see Table 4); see also following table and Figs. 25, 20, p. 385 and Table 13 
(80 to 90). 

79a In an electric resistance furnace and a magnesia crucible, electrolytic Fe and pure Co from Merck were fused in hydrogen' / 

was measured from -188 to 1400°C, 8 800 < H < 13 500 gauss; by extrapolation of (<r*, H~ l ) curve obtained <r.; <r corrected for expan- 
sion ( 53 ). 


Co, % 

d jo 

\ 

e, °C 

II Co, % 

dio 


1 

O 

o 

0 

0 

7.854 

221 

774 

59.8 

8.29 

211 

989 

9.72 

7.66 

212 

873 

69.0 

8.41 

203 

990 

19.2 

7.93 

222 

945 

79.1 

8 . 55 

191 

957 

28.2 

8.01 

233 

986 

89.3 

8.70 

179 

1037 

38.1 

48.2 

8.09 

8.17 

233 

224 

995 

997 

100 

| 

8.87 

168 

1140 


* For // - co, t « — 188°C ( 63 ). 


Normal permeability 


86//, Ferrocobalt. 34% Co; essentially FesCo ( 23 ) 


H 

• 

P« 

% 

// 

Pn 1 

' H 

V-' J \,uv A J 

! B 

>UUVy UUII 

H 

1 B 

2.5 

1 580 

1 150 

149.7 1 

±150 

±22 450 | 

| - 1.5 

+ 5 730 

5 

1 530 

300 

I 

79.0 

-blOO 

+21 220 

| - 2.5 

+ 1 650 

7.5 

1 320 

500 

48.2 

50 

18 640 

- 5 

- 7 000 

10 

1 147 

1 000 

24.6 

25 

16 220 i 

- 10 

-11 470 

20 

724 

2 000 

12.8 

5 

1 1 800 

- 20 

-14 480 

50 

366 

3 000 

8.88 

0 1 

8 230 

- 50 

-18 300 

75 

266 . 1 

4 000 

6.92 

- 0 5 

7 600 

- 75 

-19 960 

100 

211.0 



- 1 0 

6 800 

-100 

-21 100 

/i*(max.) 

P 20 

1 650 

11.48 i 

4^/* 

1 1 000a 

23 680 

2.2 ! 

* 

1 

8 230 

H c 

2.72 


Cr, Chrome irons (* 5 ); material from Armstrong, Whitworth 

Normal intensity 


and Co. 

of magnetization (/„) 


Annealed from 900°C 


Quenched at 900°C 


H 

% Cr 

10 

40 

60 

100 

9 " ' ~ 

150 

10 



40 

60 

100 

150 

1 

460 

844 

940 

1040 

1117 

60 

588 

j 796 

960 

1076 


480 

878 

978 

1082 

1159 

40 

504 

762 

944 

1060 

4.05 

160 

892 

980 

1078 

1142 

38 

317 

630 

840 

945 


125 

878 

970 

1088 

1158 

24 

270 

590 

820 , 

935 

8 

88 

790 

888 

984 

1060 

18 

130 

304 

600 

744 


78 

778 

878 

980 

1070 

17 

120 

286 

580 

724 

12 

80 

765 

850 

• 936 

1008 

20 

112 

235 

485 

653 


70 

750 

840 

932 

1018 

13 

100 

210 

470 

638 

16 

70 

635 

710 

780 

850 

17 

84 

162 

360 

508 


55 

608 

695 

784 

865 

12 

76 

145 

340 

492 

20 

122 

636 

700 

774 

820 

12 

50 

110 

276 

404 


106 

T • 

625 

* « 

698 

782 

832 

12 

42 | 

98 

258 

390 


/ r, Residual magnetization f 


% Cr = 

l 

4.05 

8 

12 

16 

20 1 

1 1 

AX 

400 

500 

660 

510 

490 

440 

5 

Qt 

660 

GOO 

580 

435 

340 

320 1 

28 


H e , Coercive force 


4.05 

21 

39 


8 

20 

46 


12 

19 

54 


16 

17 

56 


20 

15 

44 


* For each % Cr, the firet line refers to 16°C, the second line to - 190°C. 
t For cyclic magnetization, H m,i =* 160 gaaos, room temperature, 
t A. — annealed from 900°C; Q ■> quenched at 900°C. 

Cu, Iron-copper alloys. Alloy A ( 9 ): Electrolytic Fe and Cu were fused in magnesia crucible; annealed at 675°C; B n is smaller if 
alloy is annealed at 1000°C or quenched at 900°C. Alloy B («): Electrolytic Cu was fused with iron containing C = 0.08, Si = 0.01, 
Mn = 0.06, P = 0.01, S = 0.01, Cu = 0.03%; porcelain crucible, atmosphere of N. The Curie temperature (0) and the temperatures 
at which the y - 0 and b - y transformations occur (centigrade temperature) are shown in the table. 

Alloy A (room temperature) 

: !l t. — 

Cooling 

r C 


H = 

10 

i 20 

i 50 

100 

% Fe 

| Heating 

% Cu 

B ny Normal induction ] 

i e, °C 

0.00 

10 000 

15 900 

17 700 

18 800 

3 


0.09 

5 700 

13 200 

16 800 

18 300 

5 

763 

0.20 

5 700 | 

13 200 

16 800 

18 300 

1 io 

759 


y - Pt 


6 - y 
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Table 17. — ( Continued ) 


Alloy A (room temperature) — ( Continued ) 


Alloy B. — 

(Continued) 

• 

H = 

10 I 

20 I 

50 1 

100 

% Fe 

Heating 

Cooling 

% Cu 

B n , Normal induction | 

e,”C 

7 ~ 0, ‘C 

*-7 

0.42 

10 900 1 

14 900 

■VTXTTiSf 

18 500 

20 

763 

795 


0.80 


14 000 


18 500 

30 

764 

795 


1.01 


13 200 


18 000 

40 

764 

798 


1.51 

4 300 

12 600 

16 600 

18 200 

50 

766 



2.00 

5 000 

12 600 

16 400 

18 200 

60 

766 

804 


3.99 

5 700 

12 900 

16 300 

18 000 

70 

766 



5.07 

4 300 

12 300 

16 100 

17 600 

96 

763 

810 

1 462 

6.16 

4 300 

12 000 

15 500 

17 400 

98 

763 

826 

1 439 

7.05 

3 000 

10 400 

15 400 

17 200 

99 

764 

844 

1 432 

94.34 

0 

0 

200 

50 

100 

773 

875 

1 420 


Mn, Manganese irons (23). Properties are complex. Quenched alloys are more magnetic (p* greater) than those cooled slowly; for 
the former H c attains 60, for the latter 130 gauss. If 12 < p < 14, the alloy is practically nonmagnetic at room temperatures until after 
it has been chilled in liquid air; it is then magnetic. If p > 14, the alloy is not magnetic at room temperatures even after chilling in 
liquid air. If p < 8; d 20 * 7.873 - 0.008p; from p = 8 to p = 10, d increases abruptly by 1.6%; if p > 10, d decreases less rapidly than 
is indicated by equation. If p < 4, p =* 10 + op; for p = 5.74, p = 36; for p °= 7.81, p *= 45; if 10 < p < 16, p * 50.6 4* 0.7 (p — 10), 
After quenching at 800°C, « 21 425 - 210p, if p < 7.8; if 7.8 < p < 15, 4x7. - 19 800 - 2 830(p - 7.8); if p - 15, 4r/« is 

practically zero; see also p. 385, Table 12, (70, 80 to 90), and Fig. 21. 


4 


300 

200 

150 

100 

50 

25 
10 
5 


0 

- 5 

- 10 
- 20 

- 30 

- 50 

- 75 
-100 
-150 
-200 
-300 


Hr 

He 


Key 

71, 

72^ 1 

73, 

74, 

75, 

76, 

76. 

76, 

76, 

H 



Quenched at 800°C 





Precooled • 




p«, Normal permeability 




5 1 

80 ! 

80 

76 

56 

22 

6.0 

15 

16f 



90 

90 

88 

60 

24 

7.0 

16.5 

2. Of 



125 

123 

113 

63.5 

25 

7.0 

18 

2.3f 

5.5f 

50 

230.0 

220.0 

205.0 

110.6 


7.6 

20.4 

3 . 10f 


100 

150.6 

146.5 

139.8 

102.0 

38.5 

8.4 

22.0 

3.45f 

15.lt 

150 

111.3 

108.9 

104 5 

79.1 

35.5 

8.7 

21.4 

3.60 

14.9 

300 

62.7 

62.3 

60.2 

46.8 

24.13 

7.30 

15.80 

3.33 

11.23 

500 


39.40 

38.44 

30.80 

17.12 

6.04 

11.80 



1 000 


20.94 

20.48 

16.88 

10.14 

4.27 

7.37 





11.11 

10.88 

9.26 

6.09 

3.015 

4.59 





7.760 

7.603 

6.590 

4.533 

2.477 

3.527 





6.070 

5.955 

5.225 

3.712 

2.168 

2.965 





5.054 

4.964 

4.396 

3.210 

1.966 

2.612' 



6 000 


4.375 

4.302 

3.832 

2.860 

1.820 




6 500 


4.112 

4.048 

3.616 

2.725 

1.759 





B , Cyclic induction 


18 880 
17 810 
16 970 
15 720 
13 640 
12 100 
10 900 
10 380 
9 700 
9 000 
8 170 
5 750 
- 2 500 
-11 360 
-13 850 
-15 060 
-16 700 
-17 680 
-18 880 


4 


9 700 
24 0 


18 680 

18 C50 

14 030 

7 240 

2 

200 

4 

740 


17 540 

16 900 

13 000 

6 650 

1 

840 

4 

230 


16 600 

15 940 

12 300 

6 220 

1 

600 

3 

880 


15 220 

14 530 

11 380 

5 690 

1 

320 

3 

490 

545 

13 100 

12 500 

10 130 


1 

030 

3 

000 

400 

11 500 

10 870 

9 200 

4 660 


840 

2 

720 

325 

10 260 

9 560 

8 500 



750 

2 

550 

270 

9 700 

9 100 

8 230 

4 280 


700 

2 

480 

255 

9 050 

8 600 

7 900 

4 150 


66C 

2 

400 

230 

8 380 

8 000 

7 500 



620 

2 

270 

215 

7 500 

7 300 


1 3 880 


580 

2 

100 

195 

+ 5 000 

4- 5 100 


3 550 


475 

1 

740 

150 

- 3 550 

- 1 400 

-F 4 600 

3 150 


360 

1 

380 


-11 000 

-10 250 


+ 2 100 

-F 

80 

+ 

600 

- 0 

-13 400 

-12 600 


- 1 500 

— 

380 

— 

540 

- 160 

-14 650 

-13 980 


- 3 670 

— 

720 

-1 

770 

— 305 

-16 340 

-15 680 


- 5 330 

-1 

260 

-3 

150 

— 540 

-17 430 

-16 800 


- 6 200 

-1 

660 

-3 


— 710 

-18 680 

-18 050 


- 7 240 

-2 

200 

-4 

uSM 

-1 000 

9 050 

8 600 


4 150 


660 

2 400 

230 

JO A 

23.0 

24.9 

39.4 

58.5 


53.6 


65.2 i 

48.0 


1 430 


■ 
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Table 17. — (Continued) 


Key 


Brtfc/1000 

ji a (m&x.) 

Mot 

^*1 «ooba. 

4*7*r*d. 

Pi 0 

1000a rod , § 

^rod.,§ 


71 ff 


24.63 

3.03 

7.8666 



72 , 


208 

226 

73 

20 280 
20 670 
30.38 
2.67 
7.8660 


73 , | 74 , 

Quenched at 800°C 


214 

205 

63 

19 860 

20 270 
35.37 

2.38 
7 . 8438 


76 


24? 

40 

10 

11 360 
11 700 
51.83 
2.00 
7 . 9708 


35 

9.0 

5 200 
5 350 
53.41 
1.86 
7 . 9826 


♦ Preoooled to — 78°C. f Deduced from hyaterosia cycle. X Before annealing. 5 After alow cooling. 

Mo, Molybdenum steel. See Tables 13 to 16, 91 to 94. 


76a | _ 

■ 800°C | t , 


156 

22 


8 500 


50 84 
2.00 


76, 

■ 660°C 


11 

3.6 


Precool/ d * 


87 

15.2 


22000 


IOOO 


l?00® K 







H=?o 



IOOOO 


6000 

5000 

4000 

3000 


'-W'I'l 















Max. Permeability )j 

n m3 

Magnetic Induction B 





























8 max = 15000 





Bmax = 10000 









































Fio. 25. — 


Ferrocobalts (Fe-Co); Variation of magnetization with 
absolute temperature (**); t>. nlso Fig. 26. 



Fio. 26. 


-Ferrocobalts (Fe-Co):* Variation of magnetization with 
abaolute temperature (•*); t>. also Fig. 25. 
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Ni, Ferronickels. See also Table 12, 101. The initial permeability ( H very small) of femmickels containing from 30 to 90% Ni 
exceeds that of pure Fe; it has a very marked maximum near 78.5% Ni. See Fig. 27. For permalloy, see p. 396. 

96 In a high-frequency electric induction furnace, pure Ni and electrolytic Fe were fused in vacuo. The Ni was from Mond, and 
contained Ni, 99.89%; Cu, 0.004; Fe, 0.053; C, 0.045; S, tr.; Si(> 2 , 0.008. ©0 = Curie point corresponding to transformation to state 0; 
©«, is defined by x(T — ©«.) = constant ( see Curie point, p. 369), the material being in the 7 -state (face-centered cube); and 0/ = temper- 
ature of transformation ( a — 7) as determined by ferromagnetic method ( 51 ). 


Temperatures t, 0 are °C 


t 

+ 16° 

-79° | 

0 

00 

00 

7 

-273°* 

6/9 


B/ 

% Ni 


<r« 

0 


0 

217 4 

219.7 

221.1 

221.5 

771 

-5500 

• 

1.4 

217.6 

220.0 

221.4 

221.9 

766 

-3380 


3.5 

218 4 

221.3 

223.0 

223.5 




5.05 

218 5 

221.3 

223.5 

224.0 

752 

-2870 


6.9 

218.1 

221.8 

223.6 

224.2 




11.3 

216 2 

220.0 

222.3 

223.0 


-1240 


15.9 

213.7 

217.9 

221 4 

221.8 

1 

- 646 


19.0 

211.0 

215.6 

219.4 

220.1 


- 252 


25.2 


207.1 

211.1 

212.1 


- 12 


25.5 


206.2 

210.0 

211.0 




29.7 

185.3 

191.3 

197.0 

198.7 


+ 162 

+120 

31.3 

179.6 

186.9 

192.4 

194.1 




31.8 

177.8 

185.2 

191.5 

193.3 


197 

160 

33.3 

150.6 

166.2 

178.0 

181.6 




33.8 

148.1 

164.2 

176.7 

180.2 




35.3 

128.1 

151.7 

170.2 

178.4 


299 

261 

37.0 

138.1 

158.5 

173.2 

177.3 


312 

285 

39.0 

148.3 

164.7 

175.6 

177.7 


355 

317 

40.8 

151.1 

165.8 

175.9 

177.9 


380 

321 

42.0 

157.0 

168.4 

175 4 

176.5 


410 

346 

43.5 

157.2 

167.5 

172.8 

174.3 


433 

403 

49.6 

153.8 

159.0 

163.1 

164.0 


522 

506 

51.0 

151.7 

157.0 

161.0 

161.7 


— 


57.7 

141.8 

145 3 

147.8 

149.0 


600 

590 

67.0 

127.5 

129.9 

131.9 

132.3 


622 

612 

80.2 

99.7 

‘ 101.3 

102.1 

102.4 


599 

576 

87.7 

82.9 

84.3 

85.0 

85.4 

• 

539 

511 

100 

55.1 

56.8 

58.1 

58.4 


382.0 

360 

loot 

55.1 

56.9 

57.8 

58.0 





* Extrapolated, t Ni from Merck. 


Electrolytic Fe and electrolytic Ni were fused in magnesia crucible, pressure = 1 to 2 mm of mercury. The Fe and Ni used con- 
tained the following impurities (tr. = trace only): 


Si 


Mn 


Cu 


A1 


Ni 


Fe 


Fe 

0.014 

1 

0.003 

tr. 

1 

tr. 

1 

tr. 

tr. 

1 i 

0.005 


99.978 

Ni 

0 . 030 

0.006 

0.040 

tr. 

0.001 



99.673 

0.250 


% 

: ■ ■ - , ■ - % 

These alloys and others prepared from them by adding known amounts of one, or more, other elements (Al, Mn, Si, or Ti) were 

studied. All were annealed at 900 to 1000°C and cooled slowly (24 hr) ( 93 ). In the following tables, the Ni refers to this 99.673% 

% 

material. 


Key 

96 

99 

102 

104 

106 

109 

112 

Ni = 

0.50 

1.96 

3.85 

5.68 

7 33 

9.61 

11.10% 


H 


B n , Normal induction 


0.2 

0.4 

1.0 

4.0 

20.0 

100.0 

400.0 

600 

3 400 

13 600 

15 700 

16 500 

18 300 

21 200 

200 

600 

7 200 

13 400 

16 700 

18 600 

21 600 

100 

200 

1 600 

13 200 

16 400 

18 600 

21 800 

200 

600 

4 500 

11 000 

14 500 

16 700 

19 100 

100 

300 

1 200 

7 600 

16 200 

19 100 

21 600 

300 

3 400 

13 000 

18 700 

21 000 

Annealed 

920° 

940° 

902° 

923° 

1 064° 

920° ' 

M»(max.) 


8 200 

4 350 

4 500 

2 130 




10 000 

10 000 

3 220 

5 000 



1 175 

1 900 

3 300 

2 440 

4 225 


He t 


0.65 

1.10 

0.80 

1.45 



100 
300 
2 900 
13 300 
19 100 
21 500 

923°C 
855 

8 900 

9 450 
3.70 
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Tab lb 17. — (Continued) 


Key 

115 

117 

123 

126 

127 

128 

129 

Ni - 

15.87 

21.03 . 

38.92 

54.08 

57.99 

66.96 

75.80% 

H 

B n , Normal induction 

0.2 



1 300 



200 

100 

0.4 



1 000 



400 

700 

1.0 

200 

100 

3 000 

11 100 

5 200 

2 600 


4.0 

1 100 

500 

6 400 

13 700 

7 900 

10 000 


20.0 

8 100 

5 400 

10 400 

15 600 

12 200 

13 100 

11 100 

100.0 

15 200 

15 200 

12 400 

15 600 

13 800 

13 600 

11 400 

400.0 

19 700 

20 000 

12 200 

16 000 

14 200 

13 900 

12 000 

Annealed 

923° 

923° 

923° 

923° 

923° 

923° 

93 1°C 

Mn(max.) 

475 

276 

3 060 

19 600 

14 500 

3 200 

4 230 


5 000 

4 500 

2 300 

5 200 

1 888 

5 500 

4 400 

wi 

13 080 

30 000 

1 030 

580 

194 

1 330 

627 

He t 

5.10 

13.00 

0.45 

0.18 

0.14 

0.56 

0.34 

Alloys containing 0.2% A1 

Alloys containing 0.2% Ti 

Key 

118 

120 

121 

110 

114 

116 

119 

Ni = 

23.8 

25.1 

29.8% 

9.9 

15.0 

20.0 

25.0% 

H 



B r 

„ Normal induction 



1.0 

30 

50 

400 

200 

100 

50 

50 

4 

200 

300 

800 

1 700 

1 300 

400 

300 

20 

2 800 

3 800 

1 500 

11 000 

7 300 

4 800 

3 600 

100 

12 100 

12 900 

2 100 

18 900 

16 500 

14 700 

12 000 

400 , 

16 300 

17 000 

2 800 

21 500 t 

20 500 t 

19 400 J 

15 900 J 

Annealed 

950° 

950° 

950° 

920° 

900° 

917° 

917°C 

max.) 

200 

172 

400 

605 

405 

240 

187 

R m * 

5 000 

8 600 

400 

10 000 

4 050 

6 000 

6 000 


10 860 

8 950 

278 

10 700 

15 150 

28 200 

36 900 

#4 

12.80 

10.20 

0 50 

4.10 


12.00 

15 00 

Alloys containing 0.5% Mn 

0.1% Mn + 0.2% Si 

Key 

124 § 

126|| 

132 

133 

134 

107 

111 

Ni = 

50.0 

. • 54.9 

89.9 

93.3 

99.9% 

8.0 

10 00% 

H 

B n} Normal induction 

0.4 

800 


100 

100 


100 

70 

1.0 

3 400 


600 

300 

400 

500 


4.0 

9 300 

8 700 

3 600 

3 100 

1 500 

5 200 


20.0 

13 800 

13 700 

6 700 

5 800 

4 700 

14 400 

12 400 

100.0 

15 500 

14 300 

8 000 

7 200 . 

6 200 

19 200 

18 500 

400.0 

16 300 

14 800 

8 500 

7 600 

6 800 

21 900 

21 500 

Annealed 

931° 

931° 

931° 

931° 

931° 

900° 

900 °C 

Mn(max.) 

3 570 

2 860 

1 040 

800 

500 

1 300 

640 

Hft * 

4 600 

4 300 

2 400 

2 400 

2 000 

5 200 

6 400 

TFf 

2 315 

1 177 

1 453 

2 055 

3 640 

5 990 

11 200 


0.89 

0.68 

.1.42 

1.80 

3.20 

2.36 

4 10 


Alloys containing 0.2% Si 


Key 

97 

98 

100 

103 

106 

108 

113 

122 

Ni - 

0.50 

1.00 

1.96 

3.85 

7.00 

9.52 

15.0 

30.0 

H 

B„, Normal induction 

0.2 

200 

150 

150 

100 

200 



100 

0.4 

1 400 

500 

400 

300 

500 

100 


200 

1.0 





1 300 

300 

200 

400 

4.0 

15 300 




8 100 

2 700 

1 400 

1 000 

20.0 

16 400 



16 900 

16 000 

10 600 

7 500 


100.0 

18 200 

18 400 


18 600 

19 200 

17 000 

16 500 


400.0 

21 100 

21 400 

21 500 

21 500 

22 000 

19 900 

20 900 


Annealed 

920° 

900° 

940° 

902° 

1 064° 

920° 

960° 


Mn(max.) 

11 000 

8 330 

6 060 

4 500 

2 400 

556 

450 


B»* 

10 000 

10 000 

10 000 

9 000 

6 000 

10 000 

4 000 


W\ 



2 420 

3 030 

3 760 

10 150 

12 300 

169 

H e t 

0.52 


0.80 

1.02 

1.30 

3.90 

5.00 



* Bn - value of B n for which m» - *n»(max.). f Cyclic, B - 10 000. X For H - 300. f For U - 0.2, B% - 300. U For H - 0.2, Bn - 100. 
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130 Permalloy. Typical composition: 78.3% Ni, 21.35% Fe, 0.37% Co, 0.22% Mn, 0.10% Cu, 0.04% C, 0.035% S, 0.003% Si 
traces of P. Heated 1 hr at 900°C and cooled slowly; reheated to 600°C and cooled on Cu plate at room temperature ( 4 ). ' 

For B max . = 5 000, \V and H e are, each, only He of its value for soft Armco iron. p*(max.) = 87 000 (Fig. 28) is not exceptional 
( 4 ). Reluctivity ( 38 ) is = (a + bH) 10'*; if 0 < H < 0.04, a = 9.5, b = -225; 0.06 < H < 4, a - 0.5, b = +9.85; 4 < H < 22 
a = 0.3, b = +9.1. For other data, see Figs. 28 to 33. * 

Sb, Antimony irons ( 71 ). Alloys were prepared from Swedish iron and "pure antimony ” of commerce, free from As and Pb. Bars 
were cast in iron molds, ko — initial susceptibility ( H = 0); W — hysteresis loss per cycle, W = rjB e . 

% ^ 1 11 % S b I *o | v | e \\ % Sb | To j ri | e 

26.0 0.000091 38.6 0.0051 5L2 (T330 + 95 TW~ 

29.8 0.00023 | 42.7 0.125 1.39 2.17 54.4 0.82 1.06 1.78 

33 9 0 00050 45 2 0.167 2.10 1.99 56.8 1.06 ‘ 1.15 1.70 


Si, Silicon irons. See also Tables 3, 4, 9, 11, 60 to 69, Table 7, Figs. 11, 13. The presence of Si in C-irons, with prolonged heating 

at 975 C, prevents H c from rising above its value for nearly pure Fe. In ferrosilicons which are as pure and as poor in C as commercially 

obtainable, H e for R mtt x. = 10 000 may be as low as 0.4 or 0.5 gauss ( 23 ). In certain cases exceeds that for pure iron. For 

anhysteretic magnetization, see Table 2 (66). 

Silicon steel (23). if unaryiealed, d rcd . = 7.874 - 0.0622p, p < 4; P20 . red. = 9.9 + 12p, p < 4; for p = 4.45, 5.26, 8.42, p = 61.26, 
71.86, 93.46, respectively. = 21 600 - 480p. 


Si 

1000a 


Admixture 


% C 

021 

0.29 

0.18 

0.34 


Key 


H 


0.25 

0.5 

0.75 

1.0 

1.5 

2.6 
5 

10 
20 
50 
100 
150 
300 
500 
1 000 
2 000 

3 000 

4 000 
4 500 


0 

5.7 


H e 


Dissolved 



11 

20 


60 



800 

1 300 

2 000 

2 700 

3 400 
3 300 
2 300 
1 390 

760 

330 

176 

122 

66 

42 

22 

11 

7.9 

6.212 

5.633 



Cementite 


2.3 

2.9 

2.1 

3.2 


60 1 


1 680 
3 000 
6 930 
8 450 
6 930 
5 290 
2 920 
1 530 
790 
335 
179 
124 


0.63 

3.2 


Admixture 


1.03 

2.5 



3.70 

0.87 


4.45 

0.68 


% C 


0.21 

0.29 

0.18 

0.34 


1 000 
1 400 

1 870 

2 300 
2 760 
2 570 
2 030 
1 330 

730 
320 
171 
120 
65 
• 40 
21 
11 
7.7 

6.052 

5.5U 


%Si 


2.4 

4.5 
5.25 
8.35 


Before 

annealed 


1.30 

1.26 

1.93 

6.56 


61 f | 63* 


p n , Normal permeability 



2 000 
2 700 
6 000 
7 650 
7 130 
5 080 
2 820 
1 480 
770 
330 
174 
121 


3 280 

4 200 
4 540 
4 650 
4 490 
3 870 
2 660 
1 490 

780 

335 

177 

123 

65 

40 

21 

11 

7.6 

5.94 

5.39 


1 200 

1 720 

2 530 

3 200 
3 530 
3 300 
2 350 
1 360 

730 

315 

168 

116 


H e 


Annealed 

700°C 


1.19 

0.65 

0.70 

4.60 


6 



2 200 
3 100 

3 870 

4 200 
4 200 
3 600 
2 430 
1 370 

730 

315 

170 

119 

62 

38 

20 

11 

7.4 

5.77s 

5.25i 


5.26% 

0.52 


Annealed 

975°C 


'.70 
0.69 
0.59 
.70 


67 f 


800 



3 000 
5 670 



1 350 



163 

114 
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Fio. 27. — Ferro nickels (Fe-Ni): Variation of initial permeability Fig. 28. — Permalloy (130): Fio. 29. — Permalloy (130): 

0*o) with amount of Ni ( 4 ). Normal permeability ( 4 ); cf. Normal permeability ( 4 ); cf. 

Fig. 29. Fig. 28. 


Arm co irurt 



0.2 


0.4 


0.6 


0.6 


14 16 [8 1C 

» Fiq. 30. — Permalloy (130): Normal induction ( 4 ); t>. also Figs. 31, 32. Fio. 31. — Permalloy (130): Normal induction ( 4 ); t>. also Figs. 30, 32. 


16000 


Arrrtco 




Fio. 32. — Permalloy 
Normal induction ( 4 ); 
Figs. 30, 31. 


(ISO) : 
v. also 


Fio. 33. — Permalloy (130) 
die induction ( 4 ). 


Cy- 


Fio. 36. — Silicon irons: Two specimens of same Si content (•*). 

(1) = commercial silicon steel, 3 to 4 % Si, W = 2160 if B « 

10 000, W — 4 290 if B mmMt = 15 000, p =*= 51.15 microhm-cm. (4) ■■ 

pure, vacuum cast, silicon iron, 3.4 % Si, W - 280 if B - 10 000, 

H *= 1 025 if /?oa*x. “ 15 000, p *= 48.50 microhm-cm. Both npeoi 
mens annealed ; cf. Fig. 38. 









398 


INTERNATIONAL CRITICAL TABLES 


Table 17 . — ( Continued from p. 396) 


Key 

60* 

60 f 

61* 

w 

1 61 f 

05 

OO , 
# 

63f 

67 s 

67t 

B f Cyclic induction 

- 1.0 

+ 6 000 


0 


1- 3 900 

- 1 750 

- 3 100 

urn 

- 1.5 

- 900 


- 3 200 

- 9 730 

'- 6 400 

- 4 800 

- 5 880 

- 8 300 

- 2.5 

- 7 100 

-13 230 

- 6 120 


1- 9 620 

- 7 980 

- 8 800 

-11 420 

- 5 

-11 350 

-14 400 

-10 140 


-13 280 • 

-11 570 

-12 130 

-12 840 

- 10 

-13 880 

-15 130 

-13 300 

-14 720 

-14 900 

- 13 470 

-13 720 

-13 520 

- 20 

-15 200 

-15 840 

-14 670 

-15 420 

-15 680 

-14 520 

-14 570 

-14 200 

- 50 

-16 520 

-16 820 

-15 920 

-16 420 


-15 700 

-15 750 

-15 220 

-100 

-17 550 

-17 880 

-17 100 

-17 420 


-16 770 

-17 000 

-16 300 

-150 

-18 400 

-18 600 

-17 950 



-17 500 

-17 900 

-17 070 

B r 

9 856 

14 800 

5 700 

14 080 

6 800 

6 600 

6 000 

13 000 

H e 

1.45 

0 775 

1.00 

0 . 835 

0.67 

0.835 ‘ 

0.65 

1.06 

Mn( mux.) 

3 470 

8 480 

2 680 

7 700 

4 870 

3 560 

4 450 

5 700 

M0 

(200) 


238 


435 


510 


4*7*01* 

20 850 


20 270 


19 780 


19 080 

1 i 

4 *7 gored. 

21 160 


20 580 


19 960 


19 520 


lOOOtymax . 

1.68 

1.22 

1.44 

1.25 

0.79 

0.116 

0.86 

1.41 

P 20 

23.24 


39.64 


51.73 


61.26 


1000a r( *J 

2.47 


1.31 


0.87 


0.68 


drcd. 

1 

7.815 


7.719 


7.640 1 


7.597 



Key 

64 { 

64 § | 

H 

l 64t 

64 § 

H 

64| 

64} 

H 

Mn 

1 By Cyclic 

By Cyclic 


4 000 

1 200 

±65 

±15 600 

15 450 

- 0.5 

- 900 

-f 3 150 


6 700 

2 200 

50 

15 220 

15 060 

- 0.7s 


0 

0.75 

7 400 

3 330 

25 

14 480 

14 230 

- 1.0 


- 2 250 

1.0 

7 000 

3 600 

10 

13 770 

13 180 

- 1.5 


- 4 650 

1.5 

5 790 

3 540 

5 

13 150 

11 900 

- 2.5 

-10 280 

- 7 100 

2.5 

4 160 

2 950 

2.5 

12 260 

10 240 

- 5 

-12 100 

- 9 970 

5 

2 450 

2 020 

+ 1 

10 700 

8 360 

-10 

-13 230 

-12 300 

10 

1 330 

1 240 

0 

7 830 

6 130 

-20 

-14 080 

-13 700 

20 

700 

690 

- 0.2s 

+ 5 600 

5 140 

-50 

-15 220 

-15 040 

50 

305.4 

300.8 

B r 

7 830 

6 130 

H e 

0.47 

0.75 

65 

240.0 

237.7 

Mn( max.) 

7 500 

3 630 




* Bar; - 

800°C. t Sheet, 0.5 mm thick; t „ -> 

800°C. t Sheet 0.4 mm thiok; t a •* 

800°C. 5 Sheet 0.4 mm thick; t a — 1000°C, 



Pure silicon iron (® 2 ). Electrolytic Fe, containing 0.006 to 0.01% C, 0.01% Si, was fused in vacuo with a ferrosilicon containing 
92.23% Si, 8.60% Fe, 0.016% C. Ingots were forged into bars, heat treated, and studied; magnetic properties are improved by anneal- 
ing; for t a = 1100 they are a little better than for t a = 900°C. Data for material annealed at 1100°C are given in Figs. 34 to 38 and the 
following table; for results of other heat treatments, see ( 92 ). 


% Si 

/i B (max.) 

i B »' 

Met 

B, o.,. = 10 000 


Bm+x. = 

= 15 000 


W 

B r 

H e 

W 

B r 

H. 

| PM 

0.001 

22 800 

8 000 

21 300 

665 

9 300 

0.20 

1 860 , 

13 300 

0.24 

9.84 

0.001 

25 800 

9 000 

25 600 

707 

9 300 

0.23 

1 451 

12 700 

0.28 

9.85 

0.01 

29 000 

9 000 

28 670 

707' 

9 600 

0.21 

1 604 

14 300 

0.31 

9.90 

0.040 

27 000 

10 000 

27 000 

700 

9 440 

0.23 

1 660 

14 480 

0.32 

10.50 

0 064 

36 80C 

9 000 

36 300 

502 

9 500 

0.16 

1 336 

14 300 

0.25 

10.67 

0.068 

44 200 

9 000 

43 500 

407 

9 480 

0.13 

1 214 

14 200 

0.22 

10.78 

0.091 

45 250 

9 000 

43 500 

394 

9 .500 

0.13 

929 

14 300 

0.17 

10.90 

0.148 

66 500 

6 500 

41 700 

286 

9 080 

0.09 

916 

12 000 

0.16 

11.80 

0.205 

30 200 

9 000 

29 .500 

649 j 

9 300 

0 20 

1 526 

14 480 

0.27 

12 50 

0.242 

36 500 

7 500 

33 000 

436 

9 700 

0.13 

1 346 

14 500 

0.21 

13.40 

0.309 

44 800 | 

9 000 

43 500 

445 

9 600 

0.13 

1 412 

14 500 

0.24 

14.40 

0.400 

22 500 • 

9 000 

* 

22 000 

725 

9 440 

0.21 

1 820 

14 480 

0.32 

15.30 

0.472 

31 150 

6 200 

25 000 

535 

9 300 

0.16 

1 358 

14 200 

0.21 

10.57 

0.563 - 

25 000 

9 000 

25 000 

601 

9 200 

0.20 

1 624 

14 320 

0.28 

17.50 

0.673 

28 000 

7 000 

24 500 

468 

9 200 

0.13 

1 636 

13 670 

0.23 

19.10 

0.698 

20 350 

| 8 000 

19 600 

780 

9 300 

0.25 

2 220 

14 400 

0.40 

19.00 

0.822 

30 800 

9 500 

30 300 

.542 

9 200 

0.18 

1 765 

14 100 

0.35 

21.26 

1.71 

30 150 

6 500 

24 700 

440 

8 700 

0.12 

1 292 

12 000 

0.22 

33 25 

yv /V 

1.740 

33 000 

7 000 

26 300 

416 

9 200 

0.13 

1 112 

12 600 

0.19 

31.00 

2.73 

46 800 

9 500 

46 000 

404 

9 100 

0.13 

1 260 

13 300 

0.23 - 

42.00 

3.40 

63 300 

6 500 

46 500 

280 

9 100 

0.08 

1 025 

12 400 1 

0.16 

48.50 


Continued on p. J f 00 
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Fio. 34. — Silicon irons: Effect of Si (® a ). 

Unit of p ™ 1 microhm-cm; of other quantities = 1 cgsm unit. 



Fio. 37. — Silicon irons: Two pure specimens of different Si content 

(•*). 

Both, specimens are pure, vacuum cast, silicon irons annealed from 
1100°C. (2) contains 4.44% Si, W = 405 if B^. «= 10 000, W = 

1171 if Bum*. “ 15 000, p -» 57.40 microhm-cm. (3) contains 0.048 % 
Si, W - 407 if Bn*,. - 10 000, W = 1 214.5 if Bn*«. = 15 000, 
p — 10.78 microhm-cm; cf. Fig. 38. 




Fig. 38. — Silicon irons: Permeability (•*). 

Specimen (1) is commercial silicon steel, 3 to 4 % Si, annealed; (2), 
(3), and (4) are pure, vacuum cast, silicon irons annealed from 1100°C, 
and contain, respectively, 4.44, 0.048, and 3.4 % Si. Same materials 
as for Figs. 36, 37, and section on silicon irons in Table 17, p. 396. 
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Table 17. — (Continued from p. 338) 


%Si 

M*(max.) 

B „* 

U.t 

B 

mu. = 10 000 


Bmmx. * 

■ 15 006 


w 

B r 

H e 

W 

B r 

H e 

pti 

3.651 

36 000 


29 500 

419 

8 920 

0.13 

1 157 

12 000 

0.21 

48.60 

4.39J 

25 700 


15 400 

591 

8 300 

0.20 

1 819 

10 200 

0.25 

56.10 

4.44J 

30 200 


16 900 

405 

7 000 

0.12 

1 171 

8 000 

0.15 

57.40 

4.92* 

12 200 


7 040 

780 

6 300 

0.26 

2 620 

7 100 

0.35 

66.20 


66 500 

6 500 


286 



916 



11.8 

3.40} 

63 300 

a a a 

6 500 

4 


280 



1 025 



48.6 


* Value of B at which m* " M,(max.). 
t Value for B - 10 000. 

X These 2 ban were annealed in N; inferior to those annealed in vacuo. 


} These are beat two alloys obtained. 


68, Cast iron (2*). C = 3.109, Si = 3.270, Mn - 0.660, P * 1.050, S = 0.061%; see Tables 4, 9, 11, 68, 69. 

V, Vanadium iron ( 43 ) 136. Pure Fe was fused with ferro vanadium ; the product contained 3.5% V, 0.22% Mn, 0.60% C of which 
0.50% was combined, no Cr, traces of Si. Data refer to 4 states: (1) as cast; (2) annealed from 900 or 950°; (3) quenched at 900or 
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Table 17. — ( Continued ) 



H_ 

14.5 

8.7 

5.8 

2.8 
+ 14 

- 1.4 

- 2.8 
- 6.8 
- 8.7 
- 11.6 
-14.5 




-14.5 

-16.0 

-17.5 

-20.5 

-23.5 

-26.5 

-29.5 

- 4 500 

- 5 000 

- 7 400 

- 9 100 
-10 300 
-10 700 
-11 400 

-17.5 

-20.5 

-26.5 

-38.6 

-44.9 

- 6 800 
- 8 600 
-10 400 
-11 700 
-12 440 

| 

-23.5 

-29.5 

-44.9 

-60.1 

- 9 700 
-11 100 
-12 400 
-13 200 

1 

-60.1 

-75.6 

-91.5 

-13 000 
-13 600 
-14 100 

Br 

4 000 

9 500 

10 300 ' 

10 

800 

. 11 

200 

H c 

9.3 

11 

..6 

12.0 

12 

.5 

13 

.0 

w 

12 100 

40 

930 

■ 46 9.50 

51 

870 

1 58 870 


135 (Annealed), Cyclic induction, 77 = 0.0164; e =* 1.6 


H 

B 

H 

B 

!"*»■ 1 ■* 1 

| H' 

B 

ll H 

B 

II U 

1 B 

15.1 

2 690 

29.5 

8 970 

,44.9 

11 250 

60.1 

■KTKFjl 

91.5 

13 600 

10.7 

2 495 

26.5 

8 850 

38.7 

11 060 

50.9 


78.7 

13 380 

9.0 

2 330 

23.5 

8 625 

32.6 

10 830 

41.8 

11 840 

69.5 

13 220 

6.0 

2 070 

20.5 

8 540 

29.5 

10 720 

35.6 

11 650 

60.1 

12 990 

4.5 

1 920 

17.5 

8 470 

23.5 

10 430 

29.5 

11 390 

47.9 - 

12 630 

3.0 

1 820 

14.5 

8 180 

17.5 

10 100 

23.5 

11 060 

38.7 

12 310 

+ 1.5 

1 650 

11.6 

7 890 

14.5 

9 930 

17.5 

10 760 

29.5 

11 940 

- 1.5 

1 330 

8.7 

7 770 

11.6 

9 725 

11.6 

10 320 

17.5 

11 250 

- 3.0 

1 120 

5.8 

7 500 

8.7 

9 460 

5.8 

9 770 

8.7 

10 550 

- 4.5 

856 

2.8 

7 170 

5.8 

9 190 

4- 2.8 

9 420 

4- 2.8 

9 690 

- 6.0 

540 

4* 14 

6 990 

4- 2.8 

8 870 

- 2.8 

8 580 

- 2.8 

8 810 

- 7.5 

+ 150 

- 1.4 

6 610 

- 2.8 

8 080 

- 5.8 

7 650 

- 5.8 

8 180 

- 9.0 

- 330 

- 2.8 

6 350 

- 5.8 

7 140 

- 8.7 

6 740 

- 8.7 

7 300 

-10.0 

- 630 

- 5.8 

5 740 

- 8.7 

6 150 

-10.1 

6 250 

— 11.6 

5 910 

-10.6 

- 780 

- 8.7 

4 370 

-11.6 

4 780 

-11.6 

6 400 

-13.0 

5 100 

-11.1 

-1 100 

-11.6 

+3 220 

-14.5 

+ 2 450 

-13.0 

4 420 

-14.5 

4 150 

-12.0 

-1 250 

-14.5 

- 140 

-17.5 

- 1 550 

-14.5 

3 080 

. -17.5 

4- 200 

-15.1 

-2 690 

-17.5 

-3 880 

-20.5 

- 4 610 

-16.0 

+ 1 530 

-20.5 

- 3 000 



-20.5 

-6 720 

-26.5 

- 7 470 

-17.5 

90 

-22.0 

- 4 700 



-23.5 

-7 570 

-29.5 

- 9 060 

-20.5 

- 4 120 

-23.5 

- 5 700 



-26.5 

-8 220 

-35.6 

-10 350 

-29.5 

- 9 060 

-26.5 

- 7 900 



-29.5 

-8 970 

-44.9 

-11 250 

-44.9 

-11 260 

-29.5 

- 8 700 







-60.1 

-12 350 

-32.6 

- 9 300 









-44.9 

-11 300 



# 






-60.1 

-12 900 









-75.6 

-13 260 









-91.5 

-13 600 

B r 

1 400 

6 800 

8 600 

! 9 000 


H e 

8.1 

14.5 

16 

.7 

• 17.3 

17.8 

W 

4 973 

1 35 

160 | 

50 

160 

57 890 

67 080 


135 (Quenched), Cyclic induction, ij = 0.0096; e = 1.7 


672 

29.5 

1 600 

44.9 

3 530 

60.1 

6 500 

91.5 

454 

20.5 

1 230 

29.5 

2 950 

53.9 

6 340 

75.6 

237 

14.5 

1 000 

23.5 

2 700 

44.9 

6 190 

60.1 

212 

11.6 

840 

17.5. 

2 440 

29.5 

5 500 

44.9 

165 

8.7 

730 

11.6 

2 130 

14.5 

4 820 

29.5 

4- 56 

5.8 

600 

8.7 

1 850 

5.8 

4 400 

' 17.5 

- 38 

+ 2.8 

430 

4- 2.8 

1 680 

4- 2.8 

4 250 

11.6 

-217 

- 2.8 

200 

- 2.8 

1 380 

- 2.8 

3 930 

5.8 

-381 

- 5.8 

4- 40 

- 5.8 

1 180 

- 5.8 

3 580 

4- 4.3 

-520 

- 8.7 

- 225 

- 8.7 

890 

- 8.7 

3 220 

- 4.3 

-672 

-11.6 

- 440 

-11.6 

680 

-11.6 

2 910 

- 5.8 


-14.5 

- 590 

-14.5 

440 

-14.5 

2 660 

-11 6 


-17.5 

- 810 

-17.5 

4- 180 

-17.5 

2 400 

-17.5 


-20.5 

-1 020 

-20.5 

- 440 

-20.5 

2 190 

-23.5 


-23.5 

-1 210 

-23.5 

- 750 

-23.5 

1 775 

-29.5 


-29.5 

-1 600 l 

-26.5 

-1 130 

-26.5 

1 400 

-35.6 



I I 

-29.5 

-1 450 

-29.5 

830 

-38.7 


B _ 

10 400 
10 060 
9 720 
9 465 
8 880 
8 430 
8 200 
7 920 
7 870 
7 400 
7 000 
6 500 
6 050 
5 420 
4 630 
3 470 
2 590 
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Table 18. — Magnetic Properties 

m £ ZZ'r™ field !:.r Ta i le 4 - Com P° 8ition beat treatment of specimens are not stated. Annealed Co is 

r t T«e V ““Tf^ “? S’’ Ab ° Ve 70 °° C ’ Co “ ver y ^ rd and ^ “ not certain that saturation has been attained 

at these temperatures. For ferrocobalts. see Table 17 (Co): for nfclrAL^k.u. — ^ ™ x 


t 

a* 

17 

165.5 

510 

149.2 

693 

136.9 

844 

120.5 

971 

99.4 

1090 

62.5 

1067 

72.2 


146/ ( 5a ) (g , extrapolated from data for H 
t 


13 500) 


t 


1069 

1016 

804 

918 

614 

470 

748 


t 



71.3 

1 1 

+ 17 

1 

165.5 

ii 

641 

1 

140.6 


88.2 

-188 

167.9 

437 

152.7 


125.3 

+ 17 

165.5 

362 

156.1 


109.1 

1149 

17.9 

205 

160.9 


142.9 

1133 

32.1 

324 

' 156.9 


151.0 

1144 

20.6 




131.8 

16 

165.5 




FERROMAGNETISM : Fe-V TO NI 



Nickel 

Table 19. — Magnetic Properties 

f., SS Ha'Sl T” " J " ri * tl0 '‘ " th “ ° PCT1 '” “ ™ ,! “*• - T * M “ * - <■«. ■»). 

Remarks 



146.1 


147 


149 

161 

166 


t” ITTS, - * •"* T *»VS, S bV» %tZZZZT K ‘t“X^ 

3 X 1 125 that ' th Snd T f ° K ’ 11 W8 f [° Und that a ~ = S7 S3 >‘ hence X atomic weight = 3 376 4 = 
3X1 125.4, that is, the magnetic moment of the Weiss magneton is 1125.4, cf. 1.1, Table 6, p 378, oho p.' 345 

Very pure. Fused in H in electric furnace; heated to 650°C cooled slnwlv t* q u LA . x 
at which magnetization was measured, in general, data a^curate t 0 1 or 0 ^V butT no, 

« sF° : • - 

1.051<ri». 6 «c, correction being made for thermal expansion (83). 000, ~ 

Ni = 99.16%; /z*(max.) = 1 120; /„ = 509. 

Contains 1.5% Co; annealed; variation of l' r with t determined as for specimen 17/7 in Table 5 
Composition not stated; 163 III, is magnetically soft; 163 III K is very hard. 


An a 

1 000 



2 000 

1 4 000 

8 000 

see also *ig. 3 ( 

12 000 

9 

18 000 

t 

<r • 

20.0 

53.8 

53.70 

54.09 

54.43 

54.55 

. 54.63 

64.73 

18.4 

54.5 

79.3 




53.48 

63.53 

53.63 

53.8 

53.4 

104.0 




52.63 

pa m mm mm 

52.68 

52.76 

79.3 

52.4 

127.9 




51.55 

mm a a 

51.63 

51.06 

104.0 

51.4 

151.0 




50.44 

50.51 

50.62 

127.9 

50.2 

173.3 




49.09 

A Pm Pm A 

49.17 

49.30 

151.0 

49.0 





47.74 

47.83 

47.97 

173.3 

47.5 





47.02 

47.07 

47.23 
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Table 19. — ( Continued ) 











FERROMAGNETISM: MAGNETIC PROPERTIES — Ni 


405 



Fiq. 39. — Nickel: Magnetization at various temperatures (**)• 
Pure Ni (147) from Merck. 



Fio. 40. — Nickel: Alternating (W a ) and rotating ( Wr ) hysteretic loss 

( 4i ). 

Key number 153, Table 1. Centigrade temperatures. 


ft: 






600K 







500 

40 

Si 





400 

30_ 

1 

IS 

r\ 

\ 




■ 


1 

V\ 


Cue 

m 

10 





\ 

n 

0 

10 

o 

c 




!R 


’io. 42. — Nickel-copper (Ni-Cu) alloys: Magnetization at saturation, 

and Curie point (*). 

Material same as in Table 20. T - absolute centigrade temper- 
ature; m value at T - 0, corrected for dilatation; 0 is for H ■» 0. 



V). 


Material same as in Table 20. T = absolute centigrade temper- 
ature; broken lines represent <x for H = 10 000. 
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Table 19. — ( Continued ) 
153///, (48) j see oho Fig. 40 


H 

/ 

W T 

W a 

H 

— 


/ 

W T 


! w. 

1 B 

/ 

W t 

f W. 

21°C 

109°C 

212°C 

21 

49 

1 240 

590 

12 


35 

360 

63 

11 

28 

280 

120 

37 

91 

3 090 

1 530 

' 21 


58 

1 110 

500 

21 

65 

891 

. ' i 

49 

129 

4 600 

2 450 

37 

105 

2 570 

1 320 

37 

118 

2 090 

1 100 

68 

183 

6 460 

3 950 

49 

153 

3 760 

2 100 

49 

161 

2 940 

1 750 

88 

230 

7 010 


68 

211 

5 030 

3 420 

60 

194 

3 180 


100 

255 

6 820 

6 200 

78 

234 

5 100 

4 230 

68 

217 

3 260 

2 730 

130 

310 

5 510 


86 

254 

4 980 


88 

263 

2 800 


158 

353 

4 180 

8 040 

94 

273 

4 940 


100 

285 



3 720 

223 

415 

2 280 

8 580 

100 

281 



5 160 

158 

348 

1 490 

4 120 

319 

449 

1 200 

8 760 

126 

328 

3 430 

5 910 

319 

393 

310 

4 320 

449 

470 

690 

8 820 

158 

368 

2 370 

6 340 

449 

401 



4 270 

710 

487 

380 

8 630 

223 

411 

1 310 

6 660 










319 

439 

730 

6 800 






322°C 

153///* (48) 

153/ (*8) 

12 

41 


120 

t 

w r ' 


IF a * 

W./Wr 

t 


H . 

21 

76 


280 

18 


12 

200 


15 500 

1.27 

* 

185 



27 

103 



100 


9 

700 


12 700 

1.31 

— 

79 


27.5 

32 

117 

800 

610 

150 


8 000 


10 700 

1.33 

+ 

15 


25.5 

49 

166 

640 

830 

200 


6 310 


8 400 

1.33 

123 


21.2 

68 

195 

350 

940 

250 


4 500 


6 000 

1.33 

207 


15.7 

94 


210 


300 


2 

580 


3 440 

1.33 

286 


9.19 

158 



1 070 

350 



545 


747 

1.37 

339 


3.92 

319 

245 

40 

1 060 

368 



0 


0 






449 

247 


1 060 













161 (49) 


t 

191 

220 

250 

270 

305 

361 . 2°C 

I'r/Ir 

86.2 

81.5 

75.0 

71.0 

58.7 

0% 


* Maximum loea: Mean of values obtained when heating and when cooling. 


Alloys of Nickel 


Table 20. — Nickel Allots 

Co, Cobalt alloys of Ni ( 7 ). Ni and pure Co were fused in 
electric resistance furnace, in magnesia crucible, current of N. 
The Ni used contained 98.1% Ni, 1.9% Co, 0.05% Fe. Alloys 
for which Ni ^20% are too hard magnetically to become satu- 
rated, at low temperatures, at H = 10 000. H = 10 000 gauss; 
t ** 19°C; 0 = Curie point (centigrade) for H = 0; see also Fig. 41. 


Co 

d 

a 

0 

Co 

d 

<7 

e 

0 

8.79 

55.2 

382 

60.4 

8.72 

120.3 

934 

9.8 

8.80 

66.8 

497 

69.8 

8.77 

132. 0 

988 

18.6 

8.87 

77.1 

601 

79.5 

8.75 

138.7 

1037 

30.4 

8.72 

8?.7 

685 

89.3 

8.87 

148.5 

1085 

40(?) 

8.89 

100.0 

780 

100.0 

8.92 

153.6 

1121 

49.3 

8.79 

110.0 

860 






Cu, Copper alloys of Ni (*). In N, pure Cu was fused with 
nickel containing 99.89% Ni, 0.004% Cu, 0.053% Fe, 0.043 %C, 
0.008% SiOs, traces of 8 In table, has been corrected for 
dilatation, and reiers to absolute zero. 0 corresponds to H = 0; 
it is temperature at which spontaneous magnetization = 0; see 
also Figs. 42, 43. 


Cu, % | 

d 


e, °c || Cu, % 

d 


0, °C 

wm'Jm&m 

8.790 

57.2 

358 

20.5 

8.95 

37.7 

164 

5.3 

8.787 

52.2 

318 

25.6 

8.96 

33.9 

126 

9.1 

8.86 

49.0 

272 

29.7 

8.99 

29.2 

67 

14.1 

8.94 

44.4 

229 

35.5 

8.91 

24.5 

+ 16 


Table 20. — ( Continued ) 


Cu, % 

1 d 

1 

e, °C || Cu, %| d 

o m 

e, °c 

40.0 

8.90 

20.0 

- 33* 

54.1 

8.93 

■nrc 

-188* 

44 3 

8.85 

16.2* 

- 79* 

59.4 

8.93 


—245* 

49.2 

8.96 

11.4* 

-133* 

61. 8f 


■91 

-273* 


* Extrapolated value, t Correaponda to CuiNit. 


Fe, For ferronickels, nickel steel, see Table 17 (Ni). 

Mn, Nickel manganese alloys ( 21 ). The metals, protected 
from all contact with C, were fused under a layer of fused BaCl*. 
Annealed at 900°C. Unforged castings and specimens quenched 
at 900° C are, in general, less magnetic than those annealed. 


H = 


% Mn 


% Mn 

~5 
10 
15 
20 
25 
30 



15 1 20 | 40 | 60 | 80 1 100 1 15 0 
Intensity of magnetization; 16°C 


5 


48 

I 77 

97 

158 

195 

224 

248 

292 


30 

75 



212 

258 

287 

gjjjl 

344 

15 

68 

115 

148 

167 

214 

240 

256 

N v . | • 

288 


20 

32 

41 

47 

64 

76 

85 

91 


25 

6 

12 

18 

28 

58 


96 


131 

30 

2 

4 

7 

11 

30 

48 

67 

81 

112 


In, Intensity of magnetization; — 190°C 


IQ 

26 

42 

30 

10 

3 


40 

60 

100 

70 

24 

6 


66 

97 

146 

99 

38 

10 


89 

129 

176 

123 

51 

*14 


155 

224 

262 

181 

94 

35 


203 
280 
316 
216 
130 
54 


236 

318 

344 

236 

156 

72 


9 

1264 

317 


404 

368 

410 




217 


123 


316 

368 

304 

110 

147 

135 

350 

434 

438 

296 

247 

152 
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Manganese Alloys and Compounds 

Tablb 21. — Ferromagnetic Manganese Alloys and Compounds 

For bomposition of alloys denoted by key numbers, see Table 1 
As, Twa ferromagnetic alloys ( 28 » 70 ); MnAs, 0 = 40 to 45°C, and MnjAs. 

B, One ferromagnetic alloy ( 6 ); MnB, 0 = 260°C; H e = 30.9. 


H 

90.4 

181 ! 

271 

362 

542 

786 

/. : 

32.5 

54.6 

70.7 

81.5 

1 

110.1 

146.1 


Bi, One ferromagnetic alloy ( 28 » 70 ); MnBi, 0 = 360 to 380°C. 

C, One ferromagnetic alloy ( 28 » 70 ); Mn 3 C, no data. 

Cu, Cupromanganese is not ferromagnetic, but certain of the three-component alloys containing A1 or Sn are. 

1. Copper, Manganese, Aluminium (Heusler) alloys ( 29 ) contain from 5 to 25% AJ, Mn > 7%; alloys containing over 30% 
Mn have not been studied. Of these alloys those of the composition xAICu 3 + (1 — x)AlMn 3 are the most magnetic (they contain 
about 13% Al) and, for H = 150, the maximum value of / (about 430) corresponds to x = 0.6684, or 12.89% Al, 26.12% Mn, 
60.98% Cu (see Fig. 45). It is understood that each alloy is given the thermal treatment which is most appropriate to itself, see Figs. 
44, 45, 46. 166 is a typical Heusler alloy. 

* 156t v = 600°C, drawn at 209°C for rj hr 


H 

2.5 

5 

10 

25 

50 

100 

| 200 

500 

700 

1000 

T d 




Normal intensity of magnetization ( 67 ); see Fig. 46 





0.09 

0.1s 

0 4s 

0.9o 

1 75 

3.1i 

6.02 

7.6o 

9,73 

1 

1.34 

2.7o 

5.0? 

8.7s 

12 

15 9 

20.6 

26.2 

28.0 

30.6 

2 

2.4s 

5.0i 

9.3? 

16.5 

22.6 

29.0 

36.0 

44.1 

47.7 

53.2 

3 

% a 


8.52 

16.2 

27 3 

35.7 

44.1 

52.1 

61.6 

65.5 

69.4 

i w 

4 

4.7i 

11.1 

23.1 

38 1 : 

48.1 

57.3 

65.9 

75.6 

78.6 

81.6 

5 

4.3? 

11.3 

31.1 

50.2 

61.0 

70.8 

79.5- 

88.8 

92.1 

94.5 

6 

3. li 

9.4o 

31.1 

50.5 

62.0 

72.5 

81.5 

91.6 

94.7 

97.2 

7 

3.1s 

9.7i 

29.0 

47.0 . 

59.0 

69.8 

79.5 

90.2 

93.4 

96.7 

8 


7.6i 

24.7 

65.7 

70.4 

92.1 

102.2 

113.8 

116.4 

119.1 

9 

3.2a 

8.3o 

26.5 

52.6 

64.4 

75.5 

85.6 

96.7 

99.7 

103.1 


2.8s 

7.3i 

23.5 

48.4 

61.5 

72.7 

83.3 

95.0 

98.6 

102.0 

12J 

2. lo 

5.6a 

21.1 

49.3 

63.5 

75.7 

87.6 

100.0 

103.7 

107.5 

15 


5.4a 

16.9 

46.2 

61.6 

75.1 

87.6 

100.9 

104.9 

109.4 

20 

1.8o . 

4.0a 

10.7 

37.3 

55.0 

71.5 

86.7 

103.5 

108.3 

112.7 

25 

l.ls 

2.7o 

6.72 

27.3 

52.5 

63. 2 

85.2 

107.2 

113.1 

119.1 

35 

0.8s 

1.96 

4.23 

14.9 

32.6 

53.9 

79.0 

110.1 

119.7 

127.3 

50 

0.6i 

1.2a 

2.6s 

7.8s 

21.0 

44.5 

75 3 

116.6 

128.4 

137.8 

75 

0.42 

0.8a 

1.7a 

4.5a 

9.4e 

20.1 

43.4 

100.4 

116.9 

130.1 

2100 

0.3s 

0.7e 

1.52 

3.82 

7.7a 

17.0 

41.6 

118.2 

139.0 

156.3 


^ : 

H 

155 (3) 

| 169 ( 3 ) 

Cyclic 

166 ( 3 ) 

169 ( 3 ) 

166 

169 


Mn 

B , 

Mn 

H 

B 

B 

Malleable 

Not malleable 

2.5 

120 

48 

300 

1 120 

150 

2250 

4250 

Cu, 75.6% 

61.5% 

5 

400 

80 

800 

160 

100 

1980 

4110 

Mn, 14.25 

23.5 

7.5 

580 

77 

1600 

210 

50 

1560 

3830 

Al, 10.15 

15.0 


720 

72 


230 

25 

1220 

3550 

Pb 

0.1 


1070 

54 


160 

+ 5 

740 

2900 



50 

1540 

31 

3800 

76 

0 

480 , 

2550 

B rt 480 

2550 

75 

1780 

24 

3980 

53 

- 0.5 

440 

2490 

H e , 3 . 75 

7.3 

100 

1970 

20 

4110 

41 

- 1.0 

410 

2420 

m ii (max.) = 80 

236 

150 

2250 

15 - 

4250 

28 

- 1.5 

370 

2350 

4x1^ b,. = 2790 


300 

2800 

9.3 



- 2.5 

+ 250 

2190 

pi o = 40.90 


500 

3120 

6.2 



- 5 

- 240 

+ 1480 



1000 

3670 

3.7 



- 10 

- 670 

-1780 



2000 

4710 

2.4 



- 20 

-1040 

-3210 



3000 

5750 

1.9 



- 50 

-1540 

-3800 



4000 

6780 

1.7 j 



- 75 

-1780 

-3980 




7790 

1.6 



-100 

-1970 

-4110 



KB 

8790 

1.5 



-150 

-2250 

-4250 
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Table 21. — ( Continued ) 


2. Copper, manganese, tin alloys ( 60 ). A 98.5% Mn, containing in decreasing amounts Si, Fe, and Al, was alloyed with very pure Co 
and Sn; the alloys were drawn for a short time at a temperature below 200°C. There are 2 series of ferromagnetic alloys, separated by 
the alloy of 30% Sn. 


H = 

20 | 

50 i 

100 

200 

300 

Ir 

He 

u = 

20 

50 

100 

200 


F 

E 

Key 

t 

In 

Key 

/. 

162 

-190 

21 

42 

67 

93 

108 

31 

27 

163 

30 

62 

96 

127 

144 

26 

1 12 


+ 16 

18 

36 

55 

72 

80 

21 

22 


28 

55 

77 

96 

105 

16 

10 


75 

15 


46 

60 

67 

18 

21 


24 

46 

63 

76 

84 

14 


0 = 275°C 

125 

11 

26 

37 

46 

50 

13 

20 

0 = 270°C 

20 

37 

48 

58 

61 

10 

8 


180 

8 

19 

26 

34 

36 

8 

18 


11 

19 

27 

31 

33 

5 

7 


230 

2 

3 

4 

5 

5 

1 

9 


4 

7 

10 

12 

13 

2 

; 

164 

-190 

27 

59 

102 

162 

195 

23 

16 

166 

22 

54 

96 

160 

209 

11 

El 


+ 15 

24 

52 

82 

117 

129 

18 

14 


22 

54 

96 

160 

209 

11 

9 


75 

18 

36 

59 

82 

89 

13 

13 


22 

52 

92 

153 

201 

11 

9 

0 = 255°C 

125 

12 

23 

35 

49 

54 

9 

12 

0 - 225°C 

21 

.50 

88 

142 

184 

10 

8 


180 

6 

13 

19 

27 

29 

5 

10 


21 

47 

83 

130 

160 

8 

7 


230 

2 

4 

5 

9 

11 

1 



0 

0 

0 

0 

0 

0 

0 

166 

15 

(?) 

(?) 

(?) 

0.8 

1.2 

(?) 

mGm 

167 

(?) 

0.5 

1.0 

2.0 

3.0 

0.5 

40* 


* Approximate. 

Fe, see Table 17 (Mn). 

H, Mn fused in H is ferromagnetic ( 40 ); perhaps hydride is formed. At H - 12 000, a = 2.2; H e = 670; d = 7.24; see Fig. 47. 
N, Mn 3 N 2 , Mn 6 N 2 , Mn 7 N 2 are ferromagnetic ( 28 » 70 ); no data. 

Ni, see Table 20 (Mn). 

P, MnP, Mn 3 P 2 , Mn 6 P 2 are ferromagnetic ( 28 > 70 ). 


MnP, G = 18 to 26°C 


H 

85.8 

172 

343 

515 

746 

In 

9.2 

15.6 

22.8 

32.8 

38.8 


S, MnSis ferromagnetic ( 28 » 70 ); no data. 

Sb, Definite compounds of composition MnSb(68.9% Sb), Mn 3 Sb 2 (59.8% Sb), and Mn t Sb(52.6% Sb) areformed. For alloys 


fused in H and cast in red-hot iron molds ( 32 ) found: 


% Sb 

20 

40 

45 

52.2 

59.3 

68.6 

72 

90 

95 

98 

H 

5259 

5244 

5211 

5353 

5274 

5238 

5401 

5421 

5414 

5276 

In 

62 

119 

159 

176 

245 

345 

317 

158 

67 

37 


For Mn 3 Sb 2 , G = 315°C; for Mn 2 Sb, G = 275°C (32) : 


MnSb ( 28 , 70) H e = 8.2; 0 = 320 to 330°C 


H 

7 

88.9 

82 

178 

142 

w 

267 

188 

356 

229 

533 

294 

773 

361 

Mn 2 Sb ( 28 , 70) H e - 33.4 




H 


141 

211 

282 

422 

612 

I 

20.4 1 

31.4 

43.5 

48.5 

63.3 

74.6 


Se, Si, Te, MnSe, MnSi, MnTe are ferromagnetic ( 28 » 70 ); no data. 


Transformation Temperatures s 

Table 22. — Transformation Points 

The Curie point ( 0 ) is the temperature at which the spontaneous magnetization becomes zero and the material ceases to be 
magnetic. In intense fields, the change from ferromagnetic to paramagnetic occurs gradually and the intersection of the steeply inclined 
portion of the (/, t) , (<r, t), (/*, <)» or (<r J , t) curve with the axis of t is generally taken as 0; this intersection depends upon the intensity 
of the field; see Fig. 39. The following^data are arranged in the order Fe, Ni, Co; each is followed by its alloys and compounds, arrange 
alphabetically by symbol of second constituent. For composition of alloys denoted by key numbers, see Table 1. 

Fe, Iron. Transformation a to 0, Osmond’s A 2 point, corresponds to 0; transformation 0 to y corresponds to Osmond's Ai point, 
his A 4 point corresponds to transformation y to 6. In following table -f- ( — ] placed after a symbol denotes that the value correspon 
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I'O 

114 

68.6 

65.8 

63 

60.2 

29.4 

28.2 

27 

25.8 

Fig. 44.- 

—Heusler alloy: Variation of 


574 

24.6 


54.6 

234 


%Cu 

%Mn 


(*•). 


Alloys were made by adding A1 to a cu pro manganese containing 
30% Mn. 


Fig. 46. — Heusler alloy ( 156 ): Variation of magnetization with heat 

treatment (* 7 ). 

Quenched at 600°C and drawn to 209°C for the number of hours 
indicated on the curves. 



*> \ 


85 


Fig 45. — Aluminum-manganese-copper (Al-Mn-Cu) alloys: Vari- 
ation of magnetization with composition (*•). 

H -» 160. Line ab joins the points AlCua and AlMnj. Alloys 
formed by adding A1 to cupromanganese containing 30 and 15% Mn, 
respectively, lie on the lines c/ and cd. Maximum value of /, about 
430, is at intersection of ah and e/. Each alloy was given a heat 
treatment which wps appropriate, to itself. Data are from Table 21. 


30 


20 


<D 

IOC 


Fio. 48. — Binary alloys of nickel: Curie points (**) 
• % of the constituent named on the curve. 



Fig. 47. — Manganese: Magnetisation («•). 

Mn fused in H; possibly a hydride. H» - 670; 'v. Table 21, 
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C, Fe, Fe,C, Cementite ( 38 ), 0 « 215°C. 

Co, Fe, Iron cobalt alloys; see Table 17 (Co). 

Cu, Fe, Iron copper alloys; see Table 17 (Cu). 

N, Fe, Fe<N, 0 = 390°C; Fe 2 N is not ferromagnetic at room 
temperatures ( 17 ). 

Ni, Fe, Iron nickel alloys; see Table 17 (Ni). 

O, Fe, Magnetite (Fei0 4 ). 0 = 0o -f 0.08 \ZH ( see ( 58 )). By 
magnetic methods ( 58 » 74 ) 0 = 582 to 586°; by calorimetric 
methods ( 88 ) 0 = 585 to 593°. 

Compounds resembling magnetite ( 8 ); 


FeO.Fe 2 Oi 

CoO.FejOj 

CuO.FejOj 

CaO.Fe 2 Oi 

0 = 555 

520 

418 

156°C 


Hematite (Fe 2 Oj) ( 41 ). 0 is about 600°C. (Temperature cor- 
rected on basis of measurement ( 41 ) of pyrrhotite.) 

S, Fe, Pyrrhotite (FeS with excess of S). Both dnatometric 
( 12 ) and magnetic ( 95 ) methods give 0 = 320°C, see also p. 413. 

V, Fe, Iron vanadium alloys are ferromagnetic if V < 80%; 
approximate values, temperature increasing, are ( 31 ): V = 0%, 
0 - 775°; V = 20%, 0 = 720°; V « 30%, 0 = 600°C, 

Ni, Nickel. For pure Ni ( 5S ), 0 = 0 O -f 0.20 %/H. By mag- 
netic measurements (L 79 ), Ni fused in H (146) or in N (162), 
0 = 357.6 or 358°C, respectively, by calorimetric measurements 
( 85 ), Ni (162) fused in air, 0 = 363 Q C. 

Al, Ni, Nickel aluminium alloys, see Fig. 48. 

Co, Ni, Nickel cobalt alloys, see Table 20 (Co). 

Cr, Ni, Nickel chromium alloys, see Fig. 48. 

Cu, Ni, Nickel copper alloys, see Table 20 (Cu), and Fig. 48. 

Fe, Ni, Nickel iron alloys, see Table 17 (Ni>.- 

Mn, Ni, Nickel manganese alloys, see Fig. 48. 

Sn, Ni, Nickel tin alloys ( 31 ), ferromagnetic if Sn < 40%. 


Sn 

0 

10 

20 

30 

. 36% 

0 

370 

320 

210 

210 

210°C (approximate) 


Co, Cobalt. By magnetic methods, H small ( 7 , 88 ), 0 «= 1075 
to 1115°C; H = 10 000 ( 53 ), 0 *= 1140°C. By thermometric 
methods («), 0 = 1102 to 1112°C. 

Cr, Co, Cobalt chromium alloys ( 31 ) are ferromagnetic if 
Cr < 25%. 


Cr 

0 

10 

15 

20% 

0 

1140 

720 

480 

180°C (approximate) 


Mn, Sb, Manganese antimony alloys, see Table 21 (Sb). 
Mn, Cu, Al, Heusler alloys ( 84 ): 


Key 

Mn, % 

Al, % 

Cu, % 

1 e, °c 

164 

13.9 1 

7.2 

78.9 

200 to 210 

167 


13.2 

80.8 

300 to 310 

168 

19.3 


66.6 

340 to 350 

160 

26.5 

16.3 

57.2 

320 to 330 

161 

11.6 

25.0 

63.4 

5 to 10 


For other Mn alloys and compounds, see Table 21. 


Magnetization of Ferromagnetic Crystals 


Fe, bon. Cubic system; data ( 8 ) (Fig. 49 to 64) refer to discs, 
H lies in plane of disc; i p *= component of a parallel to H: = 
component in plane of disc and normal to H. <p = azimuth of H 
with reference to some stated axis of the crystal. Impurities 
Mnount to 1.93%, being C - 0.06%, Si * 1.62%, Mn - 0.16%, 
P « 0.050%, and S « 0.040%. 


In each figure (49 to 54) the values of H for the several curves 
are as follows: 


Curve 

H 1 

| Curve 

1 H 

1 

17 

8 

798 

2 

44 

9 

1110 

3 

71 

10 

1527 

4 

111 

11 

2050 

5 

189 

12 

4090 

6 

389 • 

13 

6000 

7 

595 

14 

9420 



For values of H , see preceding text. 



Fio. 50. — Iron crystal. 

Fios. 50, 52. — Disc was cut parallel to face of octahedron; diameter 
= 7.64 mm, thickness = 0.110 mm; binary axes at <p m 0 » * 

and 180°* For values of H, see preceding text. 

Fe, 04 , Magnetite. Cubic system: data for the crystal (W 
55, 56, 57) apply to Brozzo magnetite at room temperature. 
Fig. 56, 57 test piece was a disc 20 mm diameter, 0.3 j 

The thermal data (Table 23) refer to a crystalline mass of a c 
magnetite, crystals oriented indifferently in all directions, 
relative to Kopp's value (*•) at 19° and in intense fields, * 

93.3^1 — precision about 0.05% except for observation 

below 17°, those are less reliable on account of doubtful purity 
For t < 600°, a, practically - see also Tables 3 and 4. 
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177 


-20 


-30 


0* 
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55° 90° 


Fio. 54. — Iron crystal. 

Fios. 53, 54. — Disc was cut parallel to face o 
ahedron; diameter = 0.20 mm, thickness «= 0. 
axis lies in the line tp «= 0°, 180°, a binary axis a' 
axis at <p = 54° 44' and another at <p ~ 125° 
see p. 410. 


80 




Mill 


• Ul 




400 




! li 


1 


isc 




I i- l'OO 1 1200 I boo 

Fio. 55. — Magnetite crystal: Intensity of magnetisation ( T , B % Q) 

and residual magnetisation (T\ B\ Q') (*«). 

B * binary, Q — quaternary, T « ternary axis of crystal. Field 

*i is parallel to the axis considered. Residual magnetisation is with 
reference to H — - 353. 


Fio. 67. — Magnetisation of di»k cut from magnetite crystal (»>). 

Diameter — 20 mm, thickness — 0.3 mm; H - 353 an . . ^ 

plane of disk; asimuth (^) of H is as indicated. I w propo , ^ 
length of radius vector of the curve. Inner loops are magn 
times as compared with ou*er curve. Outer curve is for co vo 
of / parallel to H ; inner curve is for that perpendicular to it. 
radii indicate positions of maxima and of minima, For nua * er . 
curve: In Fig. 56, maxima correspond to binary, and . ima to 

nary axes; in Fig. 67, maxima correspond to ternary, ana 
quaternary and binary axee; v. p. 410. 




3 


c f— 

0 70 


Wi 


0 13 0 15 


10 30 5 0 70 9 


Fio. 58.— Pyrrhotite: Component (7j|) of the magnetization in the 

magnetic plane ( YOX ) and parallel to the field ( H ) (™). 

H lies in plane YOX , <p = azimuth of H from axis (OX) of easy 
magnetization. Value of 7/ indicated on each curve. 


Ji 




No. 

H 

i... 

.1992 

2 ... 

.4000 

3 ... 

7310 

4 - 

10275 

c 

11140 


71 


-60 -40 ^20 0 20 . 40 60 


•Fio. 59. — Pyrrhotite: Component (7 _l) of the magnetization in the 
magnetic plane (YOX) and perpendicular to the field (H) (**). 

H lies in plane YOX , azimuth of H from axis (OX) of easy 

magnetization. 7± = 950 Y/Ii. 


Table 23. — Magnetization op Artificial Magnetite 


-253 
- 79 
+ 17.2 

116.4 
216.0 

315.5 


98.6 

96.9 

93.2 
88.0 
81.1 

72.2 


Lit. 

!**) 

( 74 ) 

( 39 ) 

( 81 ) 

( 81 ) 

( 81 ) 


t 

409.0 

497.0 

539.5 

556.6 

568.0 

573.0 


61.3 
45.7 

33.4 
25.9 
18,3 
13.3* 


Lit. 

( 81 ) 

( 81 ) 

( 81 ) 

( 81 ) 

( 81 ) 

( 81 ) 


* Interpolated. Curie point - 578.3°C. 

(Fe 7 S 8 ), Pyrrhotite. Contains variable amounts of dissolved S; 
analyses vary from Fe 6 S« to FeuSir. Definite data can be given 
only for so-called normal pyrrhotite (compact crystals from 
Morro Velho, d = 4.60); abnormal pyrrhotite (laminar or cleav- 
able, from Bodenmais, etc.) have irregular and complicated 
properties. Crystals appear to be hexagonal, but magnetic data 
show that they consist of 3, mutually penetrating, orthorhombic 



5000 




Fio. 60. — Pyrrhotite: Axial magnetization (»*). 

7x, I y , I, = intensity of magnetization along the principal axes; 
in every case H is parallel to the axis considered. Maximum Hou =» 

7250. 




Absolute Temperature — 
200 * 


Fio. 61. — Pyrrhotite: Spontaneous magnetization (••) 


crystals. The data here given refer to the simple orthorhombic 
crystal. 

Except in very intensive fields, I lies approximately in a single 
plane (base of the apparently hexagonal prism) whatever the 
dilution of H, and the intensity and direction of / depend only 
upon the component of H in this plane, which is called the mag- 
netic plane of the crystal. In this plane, there is a direction (OX) 
in which magnetization is easy; in a direction (OY) perpendicular 
to this, it is difficult. These are the “principal” axes of the 
crystal. The magnetization of the crystal can be explained by 
assuming that there is a structural demagnetizing field, component 
along OK is Hd v =* N y I v , that along OZ (perpendicular to plane 
of XOY) is Hd * = NJ t , where J v , I. are the components of I 
along OY, OZ, and N w , N t are constants. Maximum values, 
corresponding to 7* are max. Hd v = 7300 gauss ( 7 *» •*) and 

max. Hot * 176 000 gauss ( 74 » •*); they are the same for all 
specimens, but varies with the specimen (e.g., / — =» 47 , 


1 I 


II 
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63.6, 72.8 ( 72 ), 62 ( 95 )). The coercive force also varies with the 
specimen ( H c = 15.4 ( 72 ), 24 (* 6 ), 30 ( 74 )). For the specimen of 
Fig. 58, 59, / max. = 47. 

Ferromagnetic properties are lost by an allotropic trans- 
formation at 318 to 319°C ( 76 ), 320°C ( 95 ), which is a little above 
the ‘Curie point. N u is independent of the temperature ( 95 ); see 
Figs. 58 to 61. 

Fe 2 0 3 , Hematite. Rhombohedral, is sometimes ferromagnetic. 
Like pyrrhotite, it has an approximate magnetic plane. For 
hematite from Kragero, Fe 2 Oi — 93.63%, FeO = 3.26%, Ti0 2 = 
3.55% ( 56 ); for a specimen from same source, the magnetization 
(I j_) perpendicular, and that (/ (]' parallel to the ternary axis 
were found ( 87 ) to be as follows: 


H 

! 36 

48 | 

60 ; 

72 

1 , 

1.71 

1.78 

1.83 

1.00 

7 n 

0.025 

0 . 050 

0.073 

0.093 
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GALVANO MAGNETIC AND THERMO MAGNETIC EFFECTS 
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The effects considered are the Hall, Ettingshausen, Nernst, and 
Righi-Leduc effects, and the changes which a magnetic field pro- 
duces in the electrical and the thermal conductivities. For a 
detailed account of the several effects, see ( 15 ). Most of these 
data depend very greatly upon the crystalline structure, purity, 
and treatment of the material. Variations in these factors, which 
at present are not specifiable in a satisfactory manner, produce in 
the numerical data variations which exceed the usual errors of 
measurement. For this reason, it has not been possible to calcu- 
late most probable values from the available data, and it has 
seemed necessary, for the most part, to tabulate what seemed the 


most trustworthy values. 

If upon a thin, flat, conducting plate P (width = b, thickness = 
d) } carrying a uniform, constant, longitudinal current (total 
current = 7) of either electricity or heat, there be imposed nor- 
mally a magnetic field of intensity 77, there are set up, for either 
type of current, two transverse and two longitudinal effects which 
may be simply expressed in terms of 77, 7, b t and d. Referring to 



Fio. 1. — Diagram for illustrating galvanomagnetic and thermo- 
magnetic effects. P is a thin, flat, conducting plate of width b and 
thickness d, carrying the uniformly distributed, constant, longitudinal 
current 7 and placed in a uniform, transverse magnetic field 77 having 
the direction that corresponds to Amperian currents flowing in the 
direction indicated by the arrows on the circle. 

Fio. 2. — Diagram illustrating the Corbino effect. P is a thin, flat 
circular, conducting ring connecting the massive electrodes O of radius 
n and A of radius Ti. If, while a uniform radial electric current 
flows from A to O, the plate be subjected to a uniform, transverse 
magnetic field 77 having the direction that corresponds to Amperian 
currents in the direction indicated by the arrows on the outer circle, a 
circular current in the direction BC will be set up if the Corbino effect 
is positive. 


Fig. 1, if, in the absence of the field, A B is an equipotential and an 
isothermal line, and if the direction of 77 is that corresponding to 
Amperian currents flowing in the direction indicated by the arrows 
on the circle, then the effects corresponding to the positive values of 
the several coefficients are as follows: 

Gcdvanomagnetic Effects. — (7 = current of electricity.) (1) 
Hall effect; coefficient « R. Potential at A becomes greater than 
that at B by an amount E\ R *= Ed/HI. (2) Ettingshausen effect ; 
coefficient P. Temperature at A becomes higher than that at 
B by an amount A T; P = dbT/HI. (3) The difference in poten- 
tial between E and F is changed; that is, the longitudinal electrical 
resistance is changed. (4) The difference in temperature between 
E and F is changed. 

If in measuring the Hall effect, the conditions are such that there 
is a negligible transfer of heat between the plate and other bodies, 
the temperature at A will differ from that at B, and, for eom 



substances, the value found for R will be a little different from 
that which is found when the strip is maintained at a uniform 
temperature. The latter is called the isothermal , and the former, 
the adiabatic Hall effect. 

Thermo magnetic Effects. — (7 = current of heat; d T fdx ^ longi- 
tudinal temperature gradient along the plate in the direction 
opposite to that of the flow of the heat.) (1) Nemst effect; coeffi- 
cient e Q. Potential at A becomes greater than that at B by an 
amount E. Q = E/[Hb{dT /dx)). (2) Righi-Leduc effect ; coeffi- 

cient s S. Temperature at A becomes greater than that at B by 
an amount A T. S = &T /[Hb(dT /dx)]. (3) The difference in 

potential between E and F is changed. (4) The difference in 
temperature between E and F is changed; that is, the longitudinal 
thermal conductivity is changed. 

If either E or AT is negative, so is the corresponding coefficient. 
By multiplying the expressions for Q and S by the heat conduc- 
tivity per unit length of the plate, they become of the same form 
as the expressions for R and P. 

Hall Effect ( 31 ) (R). — Differences in the values obtained, under 
apparently the same conditions, by different observers may be due 
to the presence of impurities, or to differences in the physical 
condition of the material. For non-rnagnetic metals , with the 
exception of Sb, Bi, and Te, R varies very little with T and 
practically not at all with 77. For the ferromagnetic metals , 72, 
generally, increases with T until the Curie point is reached, then it 
decreases rapidly, and probably becomes 0 at the melting point; 
for T constant, R at first is independent of 77, then decreases as 77 
increases, and in higher fields approaches a limiting value. 

Corbino Effect ( 18 ). — If, instead of being longitudinal, the 
electric current (7) radiates from 0 (Fig. 2), the imposition of 77 
sets up a circular current around 0. This is the Corbino effect. 
If the plate is a circular annulus of radii r, and r 2 (r. < r : ), if the 
radial current has a uniform angular distribution, the total current 
towards the center being 7, and if the field (77) is uniform over the 
entire plate, then the total value of the circular current (C) set up 
in the plate in the direction of the Amperian currents corre- 

cH I 

sponding to 77 is C = -5— log, — ; c is the Corbino constant. 

Zt I* 1 

On Adams’ theory (*) c = Moefo/ 2m, where t 0 = free time of an 
electron, mo is the magnetic permeability of a vacuum, and e and m 
are the charge and mass of an electron. In many cases, i 0 is 
negative; this means that the theory is not satisfactory. Funda- 
mentally, the Corbino and the Hall effects are of the same nature 
(l ), but it is the product of c times the specific resistance of the 
plate, which is comparable with R (' 7 ). 

Change in Resistance . — When a conductor is placed in a mag- 
netic field (77), its resistance (r) in any specified direction with 
reference to 77 is increased by an amount which may vary with the 
direction of the field. For non-magnetic metals and alloys, A r/r, 
at constant temperature, is nearly proportional to 77*. Writing 
Ar/r = C77 5 , C is generally of the same sign (+ for pure metals, 
— for alloys) for all directions; its numerical value increases rathei* 
rapidly as the temperature is reduced, and varies only slightly, if at 
all, with 77. For Bi, Sb, and graphitic C, the relation between A r 
and 77 is abnormal. For ferromagnetic metals, A r/r, except at 
extremely low temperatures, is nearly proportional to the intensity 
of magnetization. For Co and Ni, Ar is negative if transverse to 
the field, and positive if parallel to it As the field is increased, 
the numerical value of Ar increases in both cases, approaching a 
limiting value in intense fields. As the transverse field is increased* 
Ar changes at first slowly, then more rapidly, and finally slowly 
again. As the longitudinal field is increased, Ar changes rapidly 
at first, then more slowly. Small errors in the orientation of th. 
transverse field lead to positive values of Ar in weak fields; this 
may account for some of the reported initial positive values of Ar 
in transverse fields. Iron behaves differently. 
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Table 1. — Hall Effect ( R ): Elementary Substances 
R = Ed/ HI; R = A X 10 “ tR — room temperature; unit 
of H = 1000 cgsm = 1 kilogauss; of R = 1 cgsm = 10"® volt -cm/ 
ampere-gauss; t - temperature, °C. 


Ag 


A1 


As. 

Au 


Bi 


Cd 


Ce 

Co 


Cu 


Fe| 


In 

Ir 


Li.. 

Mg 

Mn 

Mo 

Na. 

Ni. 


Pb. 


Pd 


t 


tR 

tR 

20 

17 

tR 

14 

18 
20 
25 

tR 

18 

17 
20 

18 

14.5 

tR 

90 

17 
Ir 
Ir 

18 

17 
24 

tR 

24 

25 
16 

tR 

20 

20 

18 

17 

13 

12.9 

18 
22 
18 

tR 

tR 

24 

20 

20 

24 

tR 

tR 

24 

ifi 

37.5 

14 
18 
18 
18 
20 

-269 

25 
20 
20 
20 
17 


H 


A 

n ! 

Lit. 

9 to 12 

— 

8.32 

4 

(2°) 

* 

— 

8.38 

4 

( 74 ) 

5 t<rll 

— 

8.97 

4 

(80) 

10 

— 

7.95 

4 

( 7 ) 

9 

— 

3.86 

4 

(20) 

21 

— 

3.96 

4 

( 7 «) 

* 

— 

3.90 

4 

( 3 ) 

4 to 8 

-f 

4.52 

2 

(48) 

9.3 

— 

7.04 

4 

(34) 

9.0 

— 

7.11 

4 

(20) 

* 

— 

7.04 

4 

( 3 ) 

12 

— 

7.24 

4 

( 7 ) 

1.13 

— 

10.1 

0 

(20) 

10.6 

— 

4.82 

0 

( 79 ) 

0.89 

— 

5.78 

0 

( 73 ) 

4 to 11 

— 

1.73 

1 

(20) 

10.3 

— 

1.6 

1 

( 79 ) 

11.8 

+ 

7.4f 

1 1 

( S7 ) 

9 to 12 

+ 

5.5 

4 

(20) 

* 

+ 

8.8 

4 

( 74 ) 

* 

+ 

5.89 

4 

( 3 ) 

12.0 

+ 

5.5 

4 

( 57 ) 

17.5 

+ 

1.92 

3 

(68) 

* 

+ 

2.45 

3 

( 7 «) 

4.4 

+ 

1 61§ 

3 

( 79 ) 

9.3 

+ 

3.72 

3 

( 34 ) 

8 to 22 

— 

5.47 

4 

( 74 ) 

12.0 

— 

5.19 

4 

(20) 

* 

— 

5.4 

4 

( 79 ) 

5 to 11 

— 

4.28 

4 

(80) 

* 

— 

5.28 

4 

( 3 ) 

10 

— 

4.92 

4 

( 7 ) 

8 to 15 

+ 

9.08 

3 

( 74 ) 

5.3 

+ 

7.94 

3 

(3S) 

6.3 

+ 

10.8 

3 

( 79 ) 

17.0 

+ 

11.0 

3 

(64) 

* 

+ 

11.2 

3 

( 3 ) 

2.5 

+ 

17.5H 

3 

(20) 

5 to 11 

+ 

13.4|| 

3 

(80) 

17.5 

— 

0.73 

4 

(68) 

5 to 11 

+ 

4.02 

4 

(80) 

5 to 11 

+ 

3.64 

4 

(80) 

17.5 

— 

1.70 

3 

(68) 

7.4 

— 

9.4 

4 

(20) 

• 

— 

9.3 

4 

(81) 

17.5 

+ 

1.26 

3 

(68) 

8.7 

— 

2.5 

3 

(20) 

9.3 

— 

5.10 

3 

(S4) 

2.0 

— 

8.46 

3 

( 74 ) 

6.3 

— 

12.5 

3 

( 79 ) 

10.6 

— 

4.69§ 

3 

( 7 ») 

* 

— 

4.70 

3 

( 3 ) 

11 to 16 

+ 

0.9 

4 

(20) 

11.3 

+ 

1.8 

4 

(* 7 ) 

9.3 

— 

8.44 

4 

( 34 ) 

5 to 11 

— 

6.91 

4 

(80) 

6 to 13 

— 

11.5 

4 

(20) 

5 to 11 

— 

11.1 

4 

(80) 

9.8 

— 

6.80 

4 

( 7 ) 



* Magnetic field not stated by observer, 
t Graphite. 

t Recent observations C 7 ** 1 ) show that in single crystals of Fe, R varies but 
little with the directions of the axes of the crystal, and differs but little from ita 
value for soft iron. 

§ Electrolytio. 

I] Steel. 

^ Isothermal. 

♦* Adiabatic. 


Table 2.— Hall Effect (R): Miscellaneous Materials 

For elementary substances and alloys, see Tables 1 and 3; 
? = A X 10 n ; p = volume resistivity of CuJi 4- unit of 
1 cgsm = 10~® volt-cm /ampere-gauss; of p — 1 ohm-cm. 

Cujlj + hi ( 7 ») 


Material 


n 


Cujlj, Cuprous 

1 

l 

l 

r ii 

iodide 

18 

+ 11 

+3 

(72) 

FeS t> Pyrites 

18 


-3 

(* 7 ) 

MoSj, Molyb- 




• 

denite 

18 


+ 1 

( 41 ) 


90 

- 88* 

+1 

( 4 ‘) 


18 

— 131 f 

+ 1 

(41). ! 


90 

— 49 f 

+ 1 

(41) 


18 


+1 

(28) 


90 

-878* 

0 

(28) 


18 

— 152f 

+ 1 

(28) 


90 

-481 f 

0 

(28) 


0.02 
0.049 
0.12 
2.91 
0.212 
7.50 


A t 
66 
20 
69 
34 
20 
88 
11 


n 

-2 

-1 

-1 

+1 

+1 

-M 

+3 


* Adiabatic, 
t Isothermal. 

X Cutis dissolves I; both p and A decrease 
increases; amount of 1 dissolved is not stated. 


as the amount of the dissolved I 
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Table 3. — Hall Effect (ft): Alloys 
Ci = proportion of constituent (1); unit of Ci = 1% by wt.; 
ft =* 10" 3 cgsm = 10" n vo lt-cm /am per e-gauss; H = 1000 cgsm 
= 1 kilogauss; temperatures (f) in °C. 


Alloy 

Ci 

ft 

t = 

-258.6° 

-252.8°! 

-183° 

+ 17°C 

(1) Au, Gold 

0 

-0.99 

-1.015 

-0.82 

-0.80 


3.95 

-0.69 

-0.695 

-0.74 

-0.77 

(2) Ag, Silver ( 55 » 

15.47 

-0.575 


-0.645 

-0.735 

56) 

44.28 

-0.44 

-0.45 

-0.52 

-0.60 


81.00 

-0.37 

-0.36 

-0.47 

-0.56 


93.84 

-0.37 

-0.37 

-0.525 

-0.56 


98.89 

-0.65 

-0.67 

-0.66 

-0.68 


100.00 

-0.98 

-0.98 

-0.76 

-0.72 


Alloy 

Ci 

R 

(1) Cu, Copper 

0 

-I- 0.830 


6 

+ 0.496 

(2) Zn, Zino ( s3 ) 

67 

- 0.116 


73 

- 0.250 


81.3 

- 0.404 


100 

- 0.520 

(1) Fe, Iron 

02.95 

+ 15.2 


93.84 

+ 15.6 

(2) Cu, Copper (« 9 ) 

96.0 

+ 16.3 


98.0 

+ 19.0 


98.49 

+ 21.0 


09.196 

+ 12.2 


100 

+ 11.2 

(1) Ni, Nickel 

50 

- 1.33 


65 

- 6 31 

(2) Cu, Copper (") 

70 

-41.9 


75 

-83.7 


85 

-59.1 


90 

-52.0 


92.5 

-40.9 


95 

-29.8 


100 

- 7.65 

(1) Ni. Nickel 

0 

+ 11.2 


1.07 

+ 16.9 

(2) Fe. Iron (••) 

1.93 

+ 17.8 


7.05 

+42.5 


8.17 

+43.1 


10.20 

+ 52.0 


13.11 

+61.5 


56.0 

+46.9 

(1) Sn, Tin 

0 

- 9.84 


0.95 

- 1.76 

(2) Bi, Bismuth; 

1.46 

- 0.69 

unit of R - 1 

H - 2 kilogauss 

cgsm - 10“* volt- 

0 

- 7.20 

em per ampere- 

0.95 

- 0.53 

gauss (**). 

1.46 

- 0.07 


6.14 

+ 0.01 


H — 6 kilogauss 


0 

- 4.98 


0.95 

+ 0.12 


1.46 

+ 0.36 


6.14 

+ 0.09 


!// - 11 kilogauss 


Constantan ( 80 ) 60Cu + 40Ni 

ft = -0.9 

Monel ( 67 )* 


H 

t 

ft 

1.65 

25 

- 35.1 

1.65 

66 

- 24.2 

3.15 

96 

- 9.62 

5.30 

137 

- 2.38 


Nichrome ( 67 ) 


H 

t 

ft 

3.3 

17 

+ 199 

3.3 

120 

+209 

1.05 

198 

+200 

1.05 

216 

+ 113 

3.3 

246 

+ 21.2 

5.5 

286 

+ 8.6 


German silver ( 21 ) 
50Cu -f- 30Zn + 20Ni 
ft = -0.54 

Manganin ( 27 ) 
84Cu + 12Mn + 4Ni 


H 

i 

ft 

4.1 

150 

0.569f 

4.79 

440 

0.432f 

4.92 

810 

0.460t 


Heusler alloy J ( 8I ) 

25Mn + 15A1 + 60Cu 
ft = 4-13.0 

* Ni, 68%; Cu, 29.6%; Fe, 1.5%; 
Mn, 1 %. 

t Sign of R is not given by observer. 
t R is + , but for each constituent 
it is — 


Table 4. — Variation of Hall Effect (ft) with Temperature 

(T) 

-A-Table. — Elementary Substances 
Unit of ft = 10" 1 cgsm = 10" 14 vo lt-cm /ampere-gauss; T is abs. 


temp., °K 
Ag, Silver 


T 

ft 

Lit. 

T 

ft 

Lit. 

2.8 

-160 

(57) 

290 

- 80 

(55, 56) 

4.25 

-160 

(57) 

83 

- 92 

(64) 

14.5 

20.3 

- 99.1 
-101.4 

(55, 56) 

(55, 56) 

296 

- 84 

(64) 


Table 4. 
Al, Aluminium 


T 

ft 

Lit. 

20 

- 24.8 

( 3 ) 

83 

- 20.0 

( 3 ) 

194 

- 39.0 

( 3 ) 

291 

- 39.0 

( 3 ) 

83 

- 19.2 

(64) 

298 

- 32.0 

(64) 


Au, Gold 

20 

- 85.7 

( 3 ) 

83 

- 72.6 

( 3 ) 

194 

- 71.2 

( 3 ) 

291 

- 70.4 

( 3 ) 

14.5 

- 98.2 

(7, 55, 56) 

20.3 

- 98.1 

(7, 55, 56) 

290 

- 72.4 

(7, 55, 56) 

83 

- 72.5 

(64) 

298 

- 70.4 

(64) 

298 

- 70.4 

(34) 

328 

- 69. 9 1 

(34) 

Bi, Bismuth 

See Table 5 


C, Carbon 

See Table 5 

Cd, Cadmium 

20 

+203 

( 3 ) 

83 

+ 79.5 

( 3 ) 

194 

+ 60.5 

( 3 ) 

291 

+ 58.9 

( 3 ) 

14.5 

+ 191 

(57) 

20.5 

+ 176 

(57) 

290 

+ 55 

(57) 


Co, Cobalt 

See Table 5 


Cu, Copper 



- 60.5 

( 3 ) 

83 

- 79.2 

( 3 ) 

194 

- 55.3 

( 3 ) 

291 

- 52.8 

( 3 ) 

14.5 

- 65.6 

( 7 ) 



(55, 56) 


- 49.2 

(55, 56) 


( Continued ) 

Cu. — ( Continued ) 


T 

ft 

Lit. 

83 

- 65 

(64) 

296 

- 54 

(84) 

289 

- 53.2 

( 7 «) 

373 

- 54.6 

( 7 «) 


Fe, Iron 
See Table 5 


Ni, Nickel 
See Table 5 


Pb, Lead 


2.8 

+ 13 » 

(57) 

4.25 

+ 18 

(57) 


Pd, Palladium 


14.5 

-138.5 

) 

20.3 

-136.8 

(7, 56, 56) 

290 

- 67.5 

J 

83 

-109 

(64) 

296 

- 86 

(64) 

298 

- 84.4 

(34) 

318 

- 85.5 

(34) 

338 

- 84.3 

(34) 


Pt, Platinum 


20 

- 19.9 

< 3 ) 

83 

- 19.8 

( 3 ) 

194 

- 9.04 

( 3 ) 

291 

- 20.2 

( 3 ) 

83 

- 22.2 

(64) 

296 

- 20.2 

(64) 


Sb, Antimony 
See Table 5 


Sn, Tin 


2.8 

+ 9.8 

( s7 ) 

4.25 

+ 2.6 

( s7 ) 

Te, Tellurium 

See Table 5 


Zn, Zinc 

83 

+ 109 

(64) 

298 

+ 63 

(64) 


+ 53.0 

( 37 ) 

473 

+ 44.6 

(2 J ) 

673 

+ 63.4 

( 37 ) 

289 

+ 94.6 

( 7 «) 

374 

+ 85.2 

( 7 «) 


Table 5.— Variation of Hall Effect (ft) with Temperature 

(T): Bi, C, Co, Fe, Ni, Sb, and Te 

ft =* A X 10 n cgsm = A X 10*"® vo Lt-cm /ampere-gauss; T — abs. 

temp., °K 


Bi, 

Bismuth; n 


T | 

A 

Lit. 

4.25 

- 86.3 

(57) 

287.5 

- 5.78 

(73) 

377 

- 2.83 

(73) 


- 1.13 

(73) 

543 

- 0.25 

(73) 

14.6 

- 69.5 

(7, 55, 56) 


- 59.0 

(7, 65, 56) 


- 33.5 

(7, 55, 56) 


- 24.6 

(7, 55, 56) 


- 5.66 

(7, 55, 56) 


C, Carbon (Graphite); n - 0 


T 


A 

Lit. 

14.5 

+ 

1.52 

(57) 


+ 

2.22 

(57) 


+ 


(57) 

. Co, 

Cobalt;* n 

- -3 

298 

+ 

3.72 

(*«) 

318 

+ 

4.34 

(*«) 

83 

+ 

1.51 

(64) 

296 

+ 

5.88 

(64) 

373 

+ 

8.65 

(64) 

457 

+ 

13.6 

(64) 
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Table 5. — ( Continued ) 


Co. — ( Continued ) 


T 

A 

Lit. 

573 

+ 21.2 

(64) 

789 

-f 48.3 

(64) 

933 

+ 89.4 

(64) 

1113 

+ 158 

(64) 

1233 

+200 

(64) 

1303 

+170 

(64) 

1373 

+ 60 

(64) 

Fe, 

Ironjf ri = 

-3 

20 

+ 1.44 

(*) 

83 

+ 1.33 

( 3 ) 

194 

+ 4.99 

( 3 ) 

291 

+ 11.23 

( 3 ) 

83 

+ 0.75 

(64) 

295 

+ 11.0 

(64) 

373 

+ 18.9 

(64) 

457 

+ 29.2 

(64) 

573 

+ 50.4 

(6 4) 

818 

+ 167 

(64) 

917 

+243 

(64) 

1008 

+319 

(64) 

1069 

4-120 

(64) 

1108 

+ 32.8 

(64) 

1173 

+ 9 

(64) 

286 

+ 7.94 

.( 35 ) 

358 

+ 14.86 

(35) 

Ni, Nickel;! n 

= -3 

20 

- 1.52 

( 3 ) 

83 

- 1.38 

( 3 ) 

194 

- 2.80 

( 3 ) 

291 

- 4.70 

( 3 ) 

4.25 

- 0.004 

- ( 57 ) 


* See aleo Fig. 5. t See also Fig. 3. 


Ni. — ( Continued ) 


T 

A 

Lit. 

20.3 

- 0.468 

(7, SS, 56) 

90 

- 0.798 

(7, 55, 56) 

290.5 

- 4.37 

(7, 55, 56) 

83 

- 1.85 

(64) 

296 

- 12.7 

(64) 

373 

- 16.3 

(64) 

457 

- 23.4 

(64) 

573 

- 40.8 

(64) 

628 

- 66.0 

(64) 

658 

- 58.9 

(64) 

666 

- 19.2 

(64) 

683 

- 4.5 

(64) 

819 

- 0.7 

(64) 

310 

- 5.10 

(54) 

330 

- 5.93 

(S4) 

350 

- 6.83 

( 3 «) 

Sb, Antimony; n 

= -3 

20 

+ 152 

( 3 ) 

S3 

+ 163 

( 3 ) 

194 

+ 140 

( 3 ) 

291 

+ 125 

( 3 ) 

87 

+245 

(») 

194 

+235 

( s ) 

295 

+209 

(») 

331 

+203 

(») 

Te, 

Tellurium; 

n = 0 

14.5 

+211 

(7, 55, 56) 

20.3 

+214.5 

(7, 55, 56) 

89 

+210.5 

% 

(7, 55, 56) 

291 

+ 185.5 

(7, 55, 56) 


t See alto Fig. 4. 


Table 6. — Variation of Hall Effect ( ft ) with Magnetic Field 

(H) 

Cf. p. 416, 417 and Figs. 3, 4, 5; T = abs. temp., °K; t = centi- 
giade temp., °C; unit of ft = 1 cgsm = 10 -f volt-cm /ampere- 
gauss; ft = 1000 cgsm = 1 kilogauss. 

Bi, Bismuth ( 26 ) 


T 

ft 

91° 

183° 

250° 

284.5° 

373°K 

1 

-62.2 

-28.0 

-17.0 

-13.3 

-7.28 

2 

-55.0 

-25.0 

-16.0 

-12.7 

-7.17 

3 

•49.7 

-22.9 

— 15.1 

-12.1 

-7.06 

4 

-45.8 

-21.5 

-14.3 

-11.55 

-6.95 

5 

-42.6 

-20.2 

-13.6 

-11.05 

-6.84 

6 

-40.1 

-18.9 

-12.9 

-10 6 

-6.72 

Bi (*) 

1 

Sb, Antimony ( s ) 



14 


21.5 

2 

-3.8 

0.14 

+0.26 

4 

-3.3 

0.72 

+0.21 

6 

-3.0 i 

j 1.75 

+0.21 

8 

-2.7 

4.31 

+0 . 208 

10 

-2.4 

8.19 

+0 . 201 

11 

-2.3 

10.20* 

+0.199 

19.2, R = 

+0.189; H - 24.7, 

R - +0.186. 




5 H — *■ 10 15 


Fig. 3. — Hall effect* (ft) in electrolytic iron (* 4 ). Unit of RH is 
undetermined, of ft = 1 kflogauss; temperatures are °C; ue aleo 
Tables 1, 5. 



10 H 


4. — Hall effect (R) in nickel («). Unit of RH it undetermined, 
of ft = 1 kilogauss; temperatures are °C; see aleo Tables 1, o. 
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— Corbino Effect (c) ( 2 » l7 ) 
H — 1000 cgsm = 1 


Table 7. 
See Fig. 2; unit of 


Ag, Silver 


u 

. c 

4.68 

- 4.84 

5.51 

- 4.86 

6.24 

- 5.05 

6.90 

- 4.78 


Al, Aluminium 


5.66 

- 0.83 

6.85 

- 0.69 

7.97 

- 0.77 

An, 

Gold 

5.25 

- 2.06 

6.64 

- 1.99 

Bi, Bismuth 

0.03 

—711 

0.107 

-739 

0.419 

-771 

0.953 

-666 • 

2.63 

-613 

4.69 

-520 


cgsm = 10 7 gauss 1 


Bi. — ( Continued ) 

H 

c 

5.82 

-443 

6.54 

-415 

7.72 

-381 - 

Cd, Cadmium 

7.21 

+ 0.715 

Co, Cobalt 

5.36 

+ 2.63 

6.69 

+ 2.61 

7.57 

+ 2.48 

Cu, Copper 

2.82 

- 3.36 

4.22 

- 2.40 

5.92 

- 2.61 

6.75 

- 2.51 

7.31 

- 2.38 

Fe, 

Iron 

1.39 

+ 7.45 

2.06 

+ 8.27 

3.30 

+ 6.55 

4.89 

+ 6.64 


kilogauBs; c = 10“ 7 
Fe. — ( Continued ) 


H 

c 

6.75 

+ 6.58 

7.62 

+ 6.60 

8.45 

+ 7.13 

Ni, Nickel* 

2.57 

- 14.4 

3.73 

- 14.5 

4.81 

- 14.6 

5.97 

- 13.0 

6.93 

- 11.76 


* See also Table 8. 


Pt, Platinum 
7.06 [- 0.199 

Sb, Antimony 


2.59 

-b 40.9 

4.38 

+ 40.7 

6.18 

-b 38.3 

7.21 

-b 37.5 


Zn, Zinc 

7.47 1+ 0.343 


Table 8. — Relation Between Hall ( R ) and Corbino (c) 
Effects, and Free Times (to) of Electrons 

Illustrative only; see p. 415; same specimen used for R, p, and c } 
except as indicated; p = electrical volume resistivity; unit of 
c = 10“* cgsm = 10~« gauss -1 ; H = 1000 cgsm = 1 kilogauss; 
R = 10"* cgsm *= 10” 11 volt-cm /ampere-gauss; to = 10" 14 sec; 
P 03 10 4 cgsm ■= 10“* ohm -cm. 


« 1 

p 

R/p 

c 

to 



Ag, Silver 



6 to 7* 

O.lStl 

- 0.59f 1 

- 0.206 

- 2.3 

5 to 7 

(*) 

- 0.44 

- 5.0 


Bi,t Bismuth (37) 


0.80 

14.1 

-109 

-109 

- 1232 

2.45 

15.4 

- 64.9 

- 65 

- 734 

6.15 

17.7 

- 44.3 

- 44.2 

- 500 

9.75 

20.5 

- 31/2 

- 31.2 

- 352 

11.10 

21.1 

- 29.1 

- 29.2 

- 330 

12.85 

22.5 

- 26.3 

- 26.3 

- 298 

7.70* 

lit 

- 92 f 

- 74 

- 840 * 

0.1 

1 (*) 

- 72.2 

- 820 


C. Graphite (* 7 ) 


2.60 

9.95 

- 6.15 

- 6.15 

- 69.4 

4.20 

10.95 

- 6.05 

- 6.05 

- 68.4 

6.55 

13.8 

- 5.51 

- 5.52 

- 62.4 

8.40 

16.5 

- 4.91 

- 4.90 

- 55.4 

9.90 

. . 19.4 

- 4.69 

- 4.60 

- 62.0 

11.30 

21.8 

- 4.34 

- 4.32 

- 48.8 

4.6* 

45 1 

- 1.5f . 

- 0.674 

- 6.5 


Sb, Antimony 


4* 

3.7f 

+ 5.2f 

-b 3.91 

-b 44.2 

1.8 

1 (*> 

+ 3.6 

-b 40.7 


Te, 

£ 

| 


1 to9 

1 ISOOOt 

+ 3.5f 

| + 1.48 

| + 15-0 


W, Tungsten (71) 

4 | 0.62t| + 0.19f | + 0.156 | + 1.8 


Table 8. — (C rmtinue^I) 


H 

Pt 

R/c 


c 

Jo 


Cu,t Copper ( 37 ) 


• 


5 to 15 

0.17 

0.156 


0.273 

I - 

3.1 


Ni, Nickel 0 7 . 

) 




1 

1.0 

1.81 

— 

0.83 

— 

9.4 

2 


1.36 

— 

1.07 

— 

12.1 

3 


1.38 

— 

1.08 

— 

12.2 

4 


1.44 

— 

1.09 

— 

12.3 

5 


1.45 

— 

1.10 

— 

12.4 

6 


1.54 

— 

1.08 


12.2 

7 


1.39 

— 

1.02 

— 

11.5 

8 


1.35 

— 

0.94 

— 

10.6 

9 


1.36 


0.84 

— 

9.4 


Zn,t Zinc (3 7 ) 





10 to 17 

0.57 

0.569 

-b 

0.117 | 

+ 

1.32 


* Data on thia line are from ( 7I ). 
t Not for same specimen as c. 

$ The above values of (o for Bi, Cu, and Zn are twice those given by Heaps 
( 37 ). He computed to from the relation c =» eto/na, while the above values are 
calculated from the Adams i 1 * 2 ) equation e — et*/ 2m. 

Table 9. — Ettingshausen Effect ( P ) 


P = A X 10“*; t = temperature, in °C; t s denotes room tem- 
perature; unit of H = 1000 cgsm =* 1 kjlogauss; P = 1 cgsm = 
0. 1 °C-cm /ampere-gauss. 



■ t 

1 H 

| • 

A 

1 n 

| Lit. 

Ag 

ta 

* 

— 

1.65 

9 

(74, 75) 

Al 

ts 

* 

+ 

1.06 

9 

(74, 75) 

As 

20 

4 to 8 

+ 

1.75 

7 

(46) 

Au 

25 

9.3 

— 

1.1 

9 

(34) 


55 

9.3 

— 

0.6 

9 

( 34 ) 

Bi 

15 

4.71 

+ 

5.8 

5 

(22) 


14 

10.00 

+ 

10 

5 

( 5 ) 


18 

6.29 

+ 

6.16 

5 

(79) 


18 

6.29 

+ 

5.81 

5 

(79) 


44 

0.3 to 1.2 

+ 

3.31 

6 

(62) 


23 

3 to 14 

+ 

7.34 

5 

(68) 

C 

90 

10.27 

+ 

5 

6 

(79, 80) 

ct 

17 

5.46 

— 

59.8 

6 

(28) 


90 

5.46 

— 

54.6 

6 

(28) 

Cd 

ta 

• 

— 

2.87 

9 

(74, 75) 

Co 

24 

4.4 

+ 

9 

9 

(79, 80) 


ts 

* 

+ 

21.6 

9 

(74, 75) 


25 

9.3 

+ 

8.7 

8 

(“) 


45 

9.3 

+ 

10.6 

8 

( 34 ) 

Cu 

ts 

• 

— 

1.6 

9 

(74, 75) 

Fe 

18 

6.29 

— 

57 

9 

(79) 


12.2 

6.00 

— 

49.2 

9 

( 3 S) 


83.9 

6.00 

— 

61.2 

9 

(35) 


ts 

* 

— 

42.6 

9 

( 74 » 75 ) 

Steel .... 

20 

a 

— 

67 


(79, 80) 

Ni 

18 

10.62 

+ 

28 

9 

(St) 


18 

6.29 

-H76 

9 

(79) . 

• 

ta 

a 

+ 

30.3 

9 

(74, 7 


37.6 

9.3 

+ 

79.2 

9 

( 34 ) 

• 

57.5 

9.3 

+107 

9 

( 34 ) 


77.5 

9.3 

+142 

9 

( 34 ) 

Pd 

25 

; 9.3 

+ 

17.3 

9 

< 34 ) 


45 

9.3 

+ 

19.1 

9 

( 34 ) 


65 

9.3 

+ 

22.5 

9 

( 34 ) 

Sb 

18 

• 

+ 

1.94 

6 

(79) 


20 

9.13 

+ 

2 

6 

( 5 ) 

Si 

18.7 

6.15 

+ 

2.65 

3 

(28) 


89.7 

6.15 

+ 

1.72 

3 

(28) 


60 

a 

< + 

3 

6 

( 13 ) 
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Table 9. — ( Continued ) 



t 

1 H 

A 

1 n 

1 Lit. 

Te 

65 

5.5 

+ 0.14 

3 

( 47 ) 


65 

5.5 

+ 0.29 

3 

( 47 ) 


13 

1 to 15 

+ 7.19 

5 

( 77 ) 


27 

1 to 15 

+ 10.45 

5 

( 77 ) 


79 

1 to 15 

+ 25.6 

5 

( 77 ) 


124 

1 to 15 

+ 36.1 

5 

( 77 ) 

Zn 

tR 

♦ 

- 2.67 

9 

( 74 > 7 ») 

i 

Heusler 

alloy 



1 ** 

* | 

< 3 1 

8 

( 81 ) 

i 

Molybdenite 




18.1 

5.46 

+ 27.7 

3 

( 28 ) 


91.3 

5.46 

+ 6.98 

3 

( 28 ) 


* Magnetic field not stated by observer, f Graphite. 

Table 10. — Nernst Effect ( Q ): Elementary Substances 

Q = A X 10~ n ;t = temperature, in °C;t R denotes room temper- 
ature; unit of H = 1000 cgsm = 1 kilogauss; Q = 1 cgsm = 10~ 8 
volt/gauss-°C. 


t 


Ag. 

Al.. 

As. 

Au. 

Bit 

Cd. 

Ce. 

Cof 


Cu 


Fe 


In.. 

It.. 

Li.. 

Mn 

Mo 

Ni§ 


18 

40 

55 

20 

25 

55 

18 

27.5 

42 
57 

60 

18 

27 

57 

60 

25 

45 

18 

43.0 

57 

57 

48 

55 

55 

31 

60 

60 

48.6 
60 
18 
18 
60 

60 

55 

55 

27 

37 

43 

37.5 


H 


22.7 

* 

4 to 8 
9.3 
9.3 
10.57 
9.92 
10.00 

2.50 

* 

17.5 

6.29 

10.0 

2.10 

17.5 

* 

9.3 

9.3 

* 

13.5 

13.3 

10.1 

10.8 

6.29 

* 

5.55 

5.55 

17.5 

14.8 

17.5 

* 

* 

17.5 

* 

17.5 

10.62 

6.29 

2.0 

1.70 

4.20 

9.3 


- 43 

- 18 
4- 39 
- 20 
+225 
-181 
-181 
+275 
+ 136 
+ 184 
+ 132 
- 12 
+ 10 
+ 20 
+ 18 
+ 25.4 
+ 20.0 
+ 7.8 
+ 19.0 
+ 21.7 

- 27 

- 16.7 

- 9.0 
-156 

- 87 
-105 
-166| 

- 86.0 

- 98.0 

- 81.0 
-106 
+ 32 
- 5 

>- 2 
+ 160 
+ 15 
-172 
+ 13 
+ 35.5 
+ 52.5 
+ 38 
+ 29.5 
+ 24.8 


n 


Lit. 


5 

5 

6 
6 

5 

6 
6 
3 
3 
3 

3 
5 
5 

4 
4 
4 
4 
4 
4 

4 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 

6 
6 
6 
6 
6 
6 
4 
4 
4 
4 
4 
4 


( 79 , 80 ) 
( 74 , 75 ) 
( 74 , 75 ) 
( 81 ) 

( 46 ) 

( 3 4) 

( 34 ) 

( 79 ) 

( 47 ) 

( 5 ) 

( 52 ) 

( 74 , 75 ) 

( 68 ) 

( 79 ) 

( 68 ) 

( 52 ) 

( 68 ) 

( 74 , 75 ) 
( 34 ) 

( 34 ) 

( 80 ) 

( 74 , 75 ) 
( 52 ) 

( 52 ) 

( ,4 ) 

( 79 ) 

(80) 

( 35 ) 

( 35 ) 

( 68 ) 

( 74 , 75 ) 
( 68 ) 

(80) 

( 80 ) 

( 68 ) 

( 81 ) 

( 68 ) 

(79) 

(79) 

( 68 ) 

(50) 

(74, 75) 

(“) 



Table 10. 

H 


(Continued) 
1 


Ni§. — 
(Conl'd) 

Pb 

Pd 


Sb 


Si 


Sn 

Ta 

Te 


T1 

W 

Zn 


57.5 

77.5 
57 
18 
18 
25 
45 
65 
18 
44 
57 

47.4 
50 
50 
57 
60 
33 
45.8 

204 
60 
60 

46.4 
57 
18 


9.3 

9.3 

* 


I n | Lit. 


9.3 

9.3 

9.3 ’ 

* 

9.13 
1.7 
5.80 
10 to 20 

10 to 20 

* 

17.5 

3.00 

4.34 

4.33 

17.5 

17.5 

13.5 

13.8 

* 


+ 29.2 
+ 35.2 

- 5 
+127 
+ 51 
+327 
+326 
+334 
+ 176 
+ 147 
+ 88.7 
+ 33.3 
+ 20 
+ 11.3 

- 4(?) 
+ 98 

+ 36 
+ 28.7 
+ 26.8 

- 37 
-100 

- 73 

- 54 
-240 


4 ( 14 ) 

4 ( 14 ) 

6 I (•!) 

6 (••) 

6 (IP) 

6 ( 14 ) 

6 ( 14 ) 

6 (34) 

4 (T9) 

4 (!) 

4 (•*) 

3 (*•) 

3 (13) 

3 ( 13 ) 

6 («) 

6 (••) 

2 («*) 

2 (") 

2 (") 

6 (••) 

5 (••) 

6 (T4, 78) 

6 (•*) 

6 1(10) 


* Magnetic field not 
( See alto Fig. 6. 


stated by observer, f See alto Table 12. X Steel. 



Fio. 0.- 
of H 


undetermined 


Table 11. — Nernst Effect «?): Alloys 

Q — A X 10“"; C i » concentration of constituent 2; t m tem- 
perature, in °C. Unit of Ct - 1 % by weight; H - 1000 cgsm - 
1 kilogauss; Q = 1 cgsm « 10"* volt/gauss-°C. 


(1) Fe, Iron 


(2) Ni, 

Nickel (19) 


Ct 


A 

n 


Ct 

0 

— 

9.76 

4 

(1) Ni, 

0 

1.07 

— 

4.21 

4 

Nickel 

5 

1.93 

— 

3.06 

4 


7.5 

7.05 

+ 

19.03 

4 


10 

10.20 

+ 

38.0 

4 

(2) Cu, 

15 

13.11 

+ 

49.5 

4 

Copper (••) 

25 

cm 

+ 

1.33 

4 


30 












m 
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Table 11. 

Heusler Alloy ( 8I ) 

25Mn + 15A1 + 60Cu 


f 

H 

A 

n 

55 

3.40 

+ 67 

5 

55 

5.10 

+ 48 

5 


Monel (® 7 ) 

68Ni + 29.5Cu + 1.5F© + lMn 
60 | t 1 .50 1 +323 | 3 


(< Continued ) 

Nichrome (® 7 ) 


t 

H i 

A 

n 

43 

2.50 

+703 

4 

65 

Steel ( 7 ») 

1 • i -166 : 

5 


• Value of // ia not stated. 


Table 12. — Nebnst Effect (Q): Vablation with Temperature 

Unit of Q = 0.001 cgsm «= 10" 11 volt/gauss-°C; of H = 1 kilo- 

gauss; t = temperature, °C 



Ni* 

Co 

t 

Q (••) 

27 

+ 5.25 

-U 1.80 

77 

+ 7.25 

+ 2.15 

127 

+ 9.75 

+ 2.70 

177 

+13 

+ 3.30 

227 

+16.7 

+ 4 

277 

+21.3 

+ 4.85 

327 

+27.0 

+ 5.70 

377 

+34.0 

+ 6.75 

427 

+ 2 

+ 7.80 

477 


+ 8.90 

527 


+ 10 


Bi ( 7 «); H = 6 

t 

Q 

-119 

+900 

- 30.5 

+380 

+ 10.0 

+173 

+ 62.0 

+ 46 


Sb (®); H = 10 


- 75 

+ 21.8 

- 19 

+ 19.8 

+ 39 

+ 14.8 


• See also Fig. 0. 


Table 13. — Righi-Leduc Effect ( S ) : Elementary Substances 


Unit of H = 1000 cgsm = 1 kilogauss; S — 10 7 cgsm = 10 7 

gauss" 1 ; t = temperature, °C 



t 

H 

S 

Lit. 

Ag 

ts 

a 

5.2 

- 4.04 

- 2.7 

(80) 

(74, 78) 

A1 

40 

22.7 

- 0.63 

(74, 75) 

As 

20 

4 to 8 

+ 4.15 

(48) 

Au 

25 

9.3 

- 3.00 

( S4 ) 


55 

9.3 

- 2.64 

(* 4 ) 

Bi 

18 

3.93 

-20.5 

(7.) 


18 

6.29 

+17.4 

(79) 


34 

6.10 

-16 

(**) 


42 

10.00 

-111 • 

(*) 


43.3 

0.3 to 1.2 

-23 

(83) 


52 

10.90 

-40.5 

(70) 

Cd 

60.6 

12.20 

a 

. + 11 
+ 0.89 

(70) 

(7«, 75) 

Co 

ta 

10.57 

a 

+ 1.3 
+ 11 

(79) 

(7«» ») 


25 

9.3 

+ 3.76 

< 34 ) 

Cu 

45 

9.3 

+ 4.25 

( 34 ) 

ts 

a 

- 1.4 

(79) 


ts 

a 

- 2.32 

(80) 

Fe 

43.9 

21.40 

- 2.27 

(7 4 , »») 

48 

7.30 

+ 6.08f 

(* 4 ) 


44 

6.50 

+ 4.29 

(55) 


60.2 

5.50 

+ 6.32 

(*») 


fa 

6.29 

+ 3.9 

(79) 


fa 


+ 6.87} 

(80) 


48.6 

11.30 

+ 5.54 

(7-», 1*) 


56.9 

11.90 

+ 3.92§ 

( 70 ) 

It 

fa 

a 

+ 0.55 

(80) 


fa 

a 

+ 0.41 

(80) 



Tab lb 13. — ( Continued ) 



t 

H 

1 s 

| Lit. 

Mo 

57.6 

12.30 

+ 1.75 

(70) 

Ni 

fa 

10.62 

- 2.0§ 

(79, 


fa 

6.29 

- 5 . 5§ 

(79) 


61 

10.88 

— 6.15 

(70) 


61.5 

8.50 

- 5.30 

(74, 75) 


37.5 

9.3 

- 5.28 

( 34 ) 


57.5 

9.3 

- 4.93 

( 34 , 


77.5 

9.3 

- 4.46 

(34) 

Pd 

fa 

* 

- 0.33 

(80) 


ts 

* 

- 0.18 

(80) 


25 

9.3 

- 0.487 

(34) 


45 

9.3 

- 0.414 

( 34 ) 


65 

9.3 

- 0.380 

( 34 ) 

Pt 

fa 

* 

- 0.21 

(80) 

Sb 

18 

* 

+20.1 

(79) 


20 

9.13 

+20 

( 5 ) 


56.7 

11.00 

+26.2 

(70) 

Si 

47.8 

5.00 

+ 2.5 

(28) 


47.4 

5.80 

+ 2.97 

(28) 

Te 

34 

5.2 

+40 

( 47 ) 


114 

7.75 

+62 

( 77 ) 

W 

58.6 

10.90 

+ 1.5 

(70) 

Zn 

46.4 

21.10 

+ 1.06 

( 74 , 75) 


fa 

a 

+ 1.29 

(80) 


58.5 

10.9 

+ 1.24 

( 70 ) 


* Magnetic field not stated by observer, f Soft. X Steel. { Electrolytic. 


Table 14.— Righi-Leduc Effect ( S ): Alloys 


Unit of Ci = 1 % of constituent 

of H - 1 



Ci i 

S 

(1) Bi, Bismuth 

0 

+26.2 

10 

+13.2 


20 

+ 9.5 

(2) Sb, Antimony 

30 

+ 0.95 

(70); H « 11 

39 

- 6.0 


50 

-15.4 


60 

-19.5 


70 

-35.4 


91 

-37.5 


100 

a 

-40.5 


Steel, t = fa, H ■= * 1 4- 6.87 


* Value not stated by obeerver. 


; S = 10 -7 cgsm = 10" 7 gauss" 1 ; 
kilogauss 



Ci 

S 

(1) Sb, Antimony 

0 

+ 1.24 


16 

+ 0.660 


30 

+ 0.840 

(2) Zn, Zinc ( 70 ); 

40 

+ 0.677 

H - 11 

50 

+ 0.850 


60 

+ 0.908 


70 

+ 2.09 


80 

+ 2.75 


84 

+ 3.20 


90 

+ 4.27 


100 

+26.2 

Nichrome, t = 
59.3°C 


+ 3.88f 


t H - 10.8 ldlogauas. 


Table 15. — Increase (Ar) Produced in Electric Resistance 
( r) by Magnetic Field ( H ): Non-Magnetic Materials 

A r /r _ qh*\ C = A X 10"*; || denotes that H is parallel to the 
current; for unmarked values, H is perpendicular to the current; 
unit of C = 1 cgsm = 1 gauss"*; of H = 1 cgsm « 1 gauss; i = 


temperature, °C. 



Ag. Silver* 


Au. — ( Continued ) 

l ' 

A 

n 

Lit. 

t 

A 

n 

Lit. 

22 

25 

14 

(58, 60) 

-253 

17 1 

11 

(56) 

22 

37 

14 

(29) • 

23 

32|| 

14 

(36) 

23 

18|| 

14 

(58, 60) 

22 

12|| 

14 

(53) 


Au, Gold* 






23 

36 

14 

(29, 36, 








58) 





100 

30 

14 

(51) 

Bi, Bismuth; cf. Tables 16, 17 

1 ... a a 

24 

22 

14 

(53) 

fa 

75|[ 

10 1 

(*) 


\ 




I 
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Table 15. — ( Continued ) 


C, Carbon \ 


t 

A 

n 

Lit. 

tn 

44 § 

14 

(*») 

16 

781f 

12 

(43) 

-186 

225 H 

12 

(43) 


Cd, Cadmium 


22 

27 

13 

(29, 36, 
59) 

98 

99 

14 

(43) 

55 

160 

14 

(43) 

16 

265 

14 

(43) 

-186 

51f 

12 

(43) 

-253 

76f 

10 

(57) 

17 

177|| 

14 

(36) 

-253 

50||f 

10 

(57) 


Cu, Copper** 


22 

27 

14 

(29, 68, 




60) 

100 

65 

14 

(S3) 

21 

27 

14 

(63) 

-253 

14 f 


(56) 

-258 

Wlil 


(56) 

tR 

33|| 

14 

(58) 

23 

22|| 

14 

(60) 

21 

35|| 

14 

(S3) 

100 

65|| 

14 

(53) 


Hg, Mercury 

20 

54 

14 

(58) 

-253 

15 

12 

(57) 

-258.5 


12 

(? 7 ) 


Pb, Lead 


22 

52 

15 

(29) 

-253 

55f 

12 

(57) 

-253 

55|| f 

12 

(57) 


Pd, Palladium 

25 

11 

14 

(29) 

-253 

15f 

12 

(56) 


Pt, Platinum 


ta 

53.7 

15 

(58) 

22 

39 

15 

(29) 


Sb, Antimony; seejable 17 
Si, Silicon 

t R 1 26 | 13 | (<2) 

Sn, Tin 


22 

23 

14 

(29, 58) 

-253 

92 f 

11 

(57) 

ta 

18|| 

14 

(58) 

-253 

92|| f 

11 

(57) 


25 


Ta, Tantalum 
80 | 15 | (2®) 


Te, Tellurium 


ta 

l to 10 

11 

(7, 9, 36, 
45, 48) 

24 

277|| 

13 

(36) 


Zn, Zinc 


t 

A 

n 

Lit. 

ta 

8 

13 

(29, 58) 

20 

14 

13 

(38) 

55 

54 

14 

(43) 

18 

85 

14 

(43) 

-186 

17 

12 

(43) 

ta 

60|| 

14 

(58) 

20 

82 1| 

14 

(36) 


FeS 2 , Fyrite 


22 

< 2 

13 

| ( 36 ) 

MoS 2 , Molybdenite 

22 

- 37 

13 

(36) 


PbS, Galena 

22 

2ft 

12 

(36) 

22 

236 

14 

(36) 

pt,i 

r, Platinum-iridium 



14 

(53) 

-183 

- 25 

15 

(S3) 

Cu, Ni, Advance 

23 

- 12 

14 

(6°) 

23 

- 12|| 

14 

(60) 

Cu, Ni, Mn, Constantan 

79 

+ 32 

15 

(53) 

16.7 

- 23 

14 

(53) 

-183 

- 51 

12 

(53) 

84 

- 13|| 

14 

(53) 

19 

- 26|| 

14 

(53) 

-183 

- 49|| 

12 

(53) 

Cu, 


Eureka ff 

100 

- 8 

14 

(53) 

26 

- 14 

14 

(53) 

100 

- 8|| 

14 

(53) 

25 

- 18|| 

14 

(53) 

Cu, Ni, Mn, Manganin 

23 

- 90 

15 

(80) 

100 

- 35 

14 

(53) 

20 

- 55 

15 

(53) 

-183 

- 27 

13 

(53) 

23 

- 87|| 

15 

(60) 

100 

- 3|| 

14 

(S3) 

5 

- 6|| 

14 

(S3) 

-183 

- 24|| 

13 

(S3) 

Cu, Ni, Mn, Platinoid^ 

24 

- 9 

14 

(53) 

100 

- 2 

14 

(S3) 

25 

- 87|| 

15 

(53) 

Cu, Sn, 

, P, Phosphor 

bronze 

27.5 

- 5 

15 

(S3) 

100 

+ 1 

13 

(53) 

-183 

+ 5 

14 

(53) 

Ni, Cr, 

Mn, Fe, 

NichromeJ J 

28.5 

-114 

14 

(53)- 

27 

+ 18|| 

14 

(53) 


•Brown (»*•*) found Ar/r ± <0.0001 for 10«, whether || orl. For Zn he 
found same values for eingle crystal, -f A varies with H; for Cd, H - 7 600; 
for Pb and 8n, H - 11 000. %See also Table 18. $ H = 22 000. f H - 

3 300; for graphite at 15.5°C, A -77.6. **Brown (»*•») found Ar/r - 0.0004 
for H - 10« and ||; Ar/r ± <0.0001 for H ^ 8000 and 1. ft Ranges from 
0.05 to 4.5. %X Constantan - 55.86 Cu, 43.33 Ni, 0.66 Mn, trace Fe; eureka 
- 63.53 Cu, 44.63 Ni, 0.96 Mn, 0.71 Fe; manganin - 82.3 Cu, 4.0 Ni, 12.3 Mn. 
0 08 Fe; platinoid - 54.21 Cu, 43.91 Ni, 1.02 Mn, 0.52 Fe; niohrome - 15.57 
Cr, 58.31 Ni, 3.19 Mn. 22.42 Fe. 


Table 16. — Increase Produced in Electrical Resistance (r) 
of Bismuth by Transverse Magnetic Field (R) 

Tabular values are A = - — — , r 0 = resistance when field » 0* 

fo 9 

r and r 0 refer to the same temperature; H is perpendicular to 
direction of current; see also Tables 15, 17; unit of H = 1000 cgsm 
= 1 kilogauss. 

Wire of Electrolytic Bismuth (1°) 



183° 

100° 

60° 

18° 

0°C 

4 

0.017 

0.03 

0.05 

HflQS 

0.18 

8 

0.045 

0.10 

0.17 


0.43 

12 


0.18 

0.30 

■!w!W 

0.71 

16 



0.43 

0.79 


20 

0.13 


0.58 

1.04 


25 

0.17 

0.48 

0.78 

1.33 

MM 

30 

0.21 

0.61 

0.97 

1.65 

2.17 

35 

0.26 

0.73 

1.13 

2.01 

2.62 


t 


H 


-37 


-100 


-135 


— 192°C 
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Table 16. — {Continued) 
Bismuth Crystal ( 48 ); H X axis 


Current II axis 


Current X axis 


H 

22.5° 

» w 

-79° 

— 186°C 

14° 

-79° 

— 186°C 

2.12 

0.050 

0.225 

0.335 

0.039 

0.096 

0.061 

3.12 

0.092 

0.377 

0.442 

0.073 

0.142 

0.097 

3.50 

0.121 

0.431 

0.474 

0.086 

0.157 

0.106 

4.98 

0.198 

0.621 

0.565 

0.143 

0.215 

0.114 


Table 17. — Electrical Resistance (r) of Antimony and of 
% Bismuth in Transverse Magnetic Field (//) ( 30 ) 

r/r 0 = a(l — b(c t dH)\ ; r/r 0 6.= a|l — /3 (y — bH)\ where 
r 0 = resistance at rC when H =* 0; r 00 = resistance at 0°C 
when H = 0; unit of H = 1000 cgsm = 1 kilogauss. 

Bismuth* (compressed powder) 


t 

a 

0 

7 

b 

-183 

102.34 

0.998 

85.99 

2.04 

-201 

134.06 

0.999 

86.64 

2.166 

-253 

75.74 

1.005 

82.97 

5.09 

-258 

68.4 

1.005 

82.03 

5.45 


Antimony t (crystal) 


t 

a 

b 

c 

d • 

18 

1.519$ 


91.13 

1.125 

-188 

2.742$ 


77.95 

2.022 

18 

1.1675 

0.1453 

79.95 

2.665 

-188 


0 . 0957 

80.88 

1.069 


* See alto Tables 15, 10. f Current perpendicular to axis, t Field parallel 
to axis. | Field perpendicular to axis. 


Table 18. — Electrical Resistance (r) of Graphite in Trans- 
verse Magnetic Field (//) ( 59 ) 

Current perpendicular to axis of crystal; r/r 0 o = a + bH l - 7ii ; 

r oo = resistance at 0°C when II = 0; A = - — ; r 0 = resistance 

T 0 

at t°C when H = 0; unit of II = 1000 cgsm = 1 kilogauss; see also 
Table 15. 


No. 

a* 


H 

A t 

At 

H 

At 

At 

I 

1.01 


5.73 

0.40 

0.008 

26.15 

5.91 

0.115 

II 

1.01 


9.60 

1.04 

0.020 

29.75 

7.36 

0.148 

Ill 



14.78 

2.16 

0.040 

33.98 

9.28 

0.172 

IV 

1.014 


20.3 

3.91 

0.070 

35.2 

9.89 

0.189 

V 

1.02 


21.9 

4.56 

0.083 

36.4 

10.5 

0.194 


23.2 

4.75 

0.092 

Temperature = 
20°C 


* Cleavage plane normal to H. t Axis of crystal parallel to H. t Axis of 
crystal normal to II. 


Table 19. — Increase (A r) Produced in Electrical Resistance 

(r) by Transverse Magnetic Field ( H ): Magnetic 

Materials 
A r 

T 33 0*0001 A; for effect of longitudinal field, see Table 20; unit of 


H = 1000 cgsm 

= 1 kilogauss; t = 

temperature, ° 

C 


H 

Co, Cobalt* ( 6 ) 



Fe, Iron (>2-> 

) 


A 

II 

' 

A 

H 

A 

H 


A 

2.4 

- 3.64 

10.3 

-47.44 

4 

±<1 

8 


±<1 

5.1 

- 9.28 

11.7 

-60.82 






6.0 

-17.56 

13.8 

-64.40 






8.5 

-24.58 

16.16; 

-67.96 


(29) 



3.8 

(29) 


0.22 

-0.387 

3.40 

- 

-0.851 

- 5.89 

11.4 

-56.9 

0.47 

-0.381 

8.44 

— 

-1.630 

8.2 

-42.3 

16.16 

-69.9 

1.33 

-0.481 

11.48 

— 

-3.893 


Table 19. — { Continued ) 
Fe (», 56 ) 


t = 

16° 

-252.8° 

— 258.6°C 

H 

A 

0.99 

+2.8 


-1.7 

1.50 

+3.8 

-2.0 


2.52 

+5.7 

-2.9 

-2.6* 

3.75 

+6.0 

-2.7 

-3.1 

4.94 

+5.4 

-2.2 

-2.4 

6.11 

+3.2 

-0.9 

-1.4 

7.26 

+0.6 

+0.7 

+0.3 

8.25 

-2.lt 

+2.6 

+2.6 

9.065 

-4.7 

+3.6 

+3.6 

9.75 


+4.6 

+4.7 

10.27 

-9.1 

+5.2 

+5.4 


* H - 2.50. 
t // - 8.20. 



Fio. 7. — Effect of magnetic field ( H) upon electrical resistivity (r) 
of nickel ( 40 ). Unit of H = 1 kilogauss, 6 = angle direction of current 
makes with H\ t — centigrade temperature; see also Tables 19, 20. 


Ni, Nickelt ( I0 ) 


t = 

182° 

100° 

18° 

0° 

0 

1 

— 190°C 

H 

A 

1 

4 


7 

7 

23 

20 

2 

- 7 

72 

3 

3 

16 

17 

3 

- 60 

- 14 

- 36 

- 34 

- 5 

0 

4 

-116 

- 70 

- 72 

- 60 

-15 

-17 

6 

-153 

-102 

- 83 

- 70 

-20 

-19 

8 

-166 

-115 

- 90 

- 76 

-23 

# 

-19 

10 

-176 

-123 

- 96 

— 82 

-27 

-18 

12 

-185 

-130 

-100 

— 87 

-30 

-18 

14 


-137 

-104 

- 91 

-32 

-18 

16 


-144 

-109 

- 94 

-35 

-17 

18 

-215 

-151 

-113 

- 98 

-38 

-17 

20 

-225 

-159 

-117 

-103 

-41 

-16 

25 

-250 

-176 

-129 

-112 

-49 

-14 

30 

-273 

-195 

-140 

-122 

-56 

-12 

35 

HI 

-213 

-150 

-132 

-63 

-10 


$ See alto Fig 7. 








































424 


INTERNATIONAL CRITICAL TABLES 


Table 19. — ( Continued ) 
Ni, Nickel t (*«) 


t = 

17 . 5° 

-183° 

-253° 

— 258.5°C 

H 

A 

1.75 

5 


lo 


2.27 


2o 




5 

3o 

2o 


2.97 

1 * 

0 


1 

0 

3.75 

- 2o 

0 

0 


4.95 


- 55 



5.17 

- 4o 




5.64 



- 80 

- 7o 

6.14 


- 65 



7.26 

— 7o 




8.25 


- 95§ 

— 12o 

-llo 


- 9o 


— 13o 


9.11 


-125 




-llo 


— 15o 

— 13o 



-140 




tSee also Fig. 7. § - 8.29. 


Table 20.— Increase (Ar) Produced in Electrical Resistance 
( r) by a Longitudinal Magnetic Field (//): Magnetic 

Materials 


Ar 

r 


= 0.0001A; for effect of transverse field, see Table 19; unit of 

H = 1000 cgsm = 1 kilogauss 


Fe* ('2.1) 


H 

10 


A 

+ 20 


Nit 

23°C (36) 


0.25 

+ 125 

0.50 

195 

0.75 

220 

1.00 

230 

1.25 

233 

1.50 

235 

1.75 

236 

2 00 

237 

♦ Induction - 36 000 


cgsm. t See alto Fig. 7. 
X Electrolytic iron. 


Ni. — ( Continued ) 
H I A 


18°C (39) 


0.15 

+ 60 

0.30 

98 

0.48 

120 

0.60 

126 

0.90 

129 

1.20 

130 

1.50 

131 

1.80 

131 

Norway Iron ( 36 ) 

23°C 

0.25 

-15.0 

0.50 

-22.5 

0.75 

-26.0 

1.00 

-27.5 


Norway Iron. — 


(Continued) 


H 

A 

1.25 

-27.8 

1.50 

-28.0 

1.75 

-28.0 

2.00 

-28.0 


Fet (38) 

Room temp. 


0.20 

-15.5 

0.40 

-24.5 

0.60 

-29.0 

0.80 

-31.2 

1.00 

-31.7 

1.20 

-31.9 

1.40 

-32.0 

1.60 

-32.1 


Table 2!.— Increase (aA;) Produced in Thermal Conductivity 

( k ) by Magnetic Field (H) 

Ak = ku — k 0 ‘ t kH, k 0 = thermal conductivity in field H, in 
field = 0; as applied to H t X [||1 indicate that H is perpendicular 
Iparallell to direction of flow of heat; A k/k = 0.001 A; unit of H « 1 
kilogauss. 



H 

A 

Lit. 

Ag 

10|| 

± <0.4 

ESDI 


4 & 81 

± <0.4 


Au 

10|| 

± <0.4 



4 & 8X 

± <0.4 


Bi* ! 

3.5X 

— > 5 

(«) 


! 6- ox 

-58 

( 24 > 


7.8X 

-57 

(“) 


9. OX 

-21 to -52 

(19) 


5.4X 

-32 

(76) 


Table 21. — (Continued) 



H 

1 A 

| lit 

Cu 

ion 

-2.3 

1(11.1) 


8 II 

-2.1 

(«.i) 


4&8X 

±<0.4 

(ii.i) 

Fe 

10|| t 

-11.4 

(U.i) 


81 

±<0.4 

(ii.i) 


41 

-4 

(U.i) 


16||t 

-105 

(”) 


7.81 

-10 

(**) 


7.61 

-33 If 

(») 


1-7115 

—small 

(>*) 


1.6115 

— small f 

(«*) 


0 . 061 II 

-m 

(») 

Ni 

1.25 

a* 

(«) 

Te 

6.61 

-190 

(”) 


4.71 

-100 

(* 7 ) 

Znft 

10|| 

± <0.4 

(u.i) 


81 

±<0.4 

(ii.i) 


* Crystalline, but not single crystal. 


- 1.80 if H - 4.0 (<•). f 
of magnetisation. I Steel. 


Induction - 
„ k H , H\\ 
kH, H± 


1 1 yi. of cryUl mlMUHm o. 
k I] axis of crystal 

5 000 cgsm. $ Induction. | Intensity 


« A* /Sit 


. . M • • i.l 
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MAGNETO-OPTICS 

A. Cotton, R. Lucas, and M. Cau 


This section is devoted to data pertaining to the rotation of the 
plane of polarization of light (I) during transmission through 
materials and along a magnetic field (Faraday effect), and (II) at 


reflection from magnetized materials (Kerr effect; (p. 435 1 . 
Other magneto-optic phenomena are considered elsewhere; consult 
the index. 


I. ROTATION DURING TRANSMISSION— FARADAY EFFECT 

A. Cotton and R. Lucas 


CONTENTS 

Verdet Constant. 

Water 

Page 

425 

Table 1. — 
t = temperature, °C; 

Verdet Constant for Water* 

\d = 5893 A. Unit of V — 0.01' per cm 
gauss; X = 1 A 

Gases and vapors 

425 

l 

Vd t 

X 

1 V/VvH 1 

X 

| F/FdI 

Pure inorganic solids and liquids and miscellaneous materials 

426 

0 

1.311 

3 034 

4.6270 

1 4 958 

1.4520 

TiCU 

426 

20 

1.308 

3 303 

3.7337 

5 461 , 

1.1845 

Pure organic liquids 

426 

30 

1.306 

3 611 

2 . 9908 

6 ooo 

0.964 |f 

Solutions of inorganic substances 

426 

40 

1.302 

3 962 

2.4051 

8 ooo 

0.53s It 

Solutions of organic substances 

427 

60 

1.294 

4 341 

1.9514 

10 ooo 

0.33? || 

In infra-red 

427 

80 

1.282 

4 360 

1 .9168 

12 5oo 

0 222 1! 

Molecular magnetic rotatory power relative to water 

428 

1 90 

1.274 

4 678 

1.6481 




Specific magnetic rotatory power of solutions 431 

Dispersion of Verdet constant: Formulae. 

Pure gases • 432 

Pure substances, V /V d 432 

Pure organic substances, F/F H * 434 

Lag in appearance of Faraday effect 434 

The Verdet constant (F) of a substance is V = a/(lH cos v?), 
where a = angular rotation, l = length of path through the 
substance, H = intensity of magnetic field, and v — angle between 
l and H. The positive direction of a is related to that of l as the 
rotation of a right-handed screw is related to its advance; V is 
positive when a is in the direction of the Amperian currents which 
would produce the field H . V D and F H « are the values of V 
which correspond to the D lines and to the green mercury line 
(X = 5461 A), respectively. 

The specific magnetic rotatory power is [w] = V /d, the molecular 
magnetic rotatory power is M [wj, where d = density, M = molec- 
ular weight. The ratios of [«J and of M [col to the corresponding 
values for water at the same temperature and for the same X, are 
called, respectively, the relative specific and the relative molecular 
([ftl) magnetic rotatory powers with reference to water If the 
rotation depends upon the nature and the mass of material, per 
unit of area traversed, and not upon the closeness of packing of 
the molecules, then for a mixture [w] m = V /a = n[wji X 
M« + * • • , where n, t, • • • are the titers of the several 
constituents. In general, this relation is not exactly satisfied. 
If M for each of the pure constituents is known, it is convenient to 
express [win, in terms of A defined by [u>]m = (1 + A) (ri[w)i •+* 
t *Mi +•••)• When [wlm is known for a binary mixture, but 
H* not known, it is customary to call the quantity [w](, defined 
by ?tMt - Mm — ti[w]i, the specific magnetic rotatory power of 
that constituent; it is preferable to call it the apparent power under 
the stated conditions. 


X, - 1260.4 A, Ki = 0.7381 (**). V - (». - 

K\ J^\ K = 77.65, for visible spectrum only ( l4 » a3 ). 
dA 

t V, - y»o[l - 153 (t - 20) X 10-« - 3.06(* - 20)* X 10‘*} if 3 ?(< 
98; Vd, 20° - 1.308 (**). 

$ (**) except aa noted. 

5 ( 2I ). 

n o*). 


Table 2. — Verdet Constant for Gases and Vapors 


For certain gases ( 26 ), V 


£ + ~ 3 if 0.423 m ^ X 55 0.684m. 


For liquefied gases, see Tables 3, 5. Temperature (t) in °C;\ D = 
0.5893m- Unit of V = 10“« minute of arc per cm-gauss; X = 1 m 
= 10* A; p = 10® barye = 0.987A n . 



t 

P 

V D 

a 

6 

Lit. 

H* 

9.5 

83.3 

456 

138.8 

45.19 

(26) 

N 

ca. 20 

ca. 1 

6.92 



(U 

N 

14 

98.1 

549 

171.22 

52.86 

(26) 

O* 

ca. 20 

ca. 1 

31.39 



( 3 ) 

0 

7 

98.1 

555 

272.2 

19.15 

(26) 

N,0 

ca. 20 

ca. 1 

6.28 



( 3 ) 

NjO 

10.9 

30.9 

241 

75.85 

22.95 

(26) 

SO, 

20 

3.3 

38.40 



( 5 ) 

CO,* 

6.5 

1.1 

8.61 

2.68 

0.83 

(26) 

cs, 

70 

0.98 

23.49 



( 5 ) 

c,h 4 

ca. 20 

ca. 1 

34.48 



( 3 ) 

Air 

ca. 20 

ca. 1 

6.83 



( 3 ) 

Air 

13 

98.1 

551 

191.5 

46.19 

(26) 


♦ For diapertion of V in ultra-violet, u* Table 12. 


426 


INTERNATIONAL CRITICAL TABLES 


Table 3.— Verdet Constant for Pure Inorganic Liquids 
and Solids and for Miscellaneous Materials 

For values in infra-red, see Table 8; for gases and vapors, see 

Table 2 

Unit of 7=0.001' per cm-gauss; Xp=5893 A; t = temperature, °C 



C*... 

N». . . 

Oj. . . . 

Pf... 

Sf... 

HjOt 
HC1§ 

HBr. . 

HI... 

SO,... 

h,so 4 

HjS0 4 H 

SjCit 

N,0** 

HNOjff 

PCI, 

P 4 S 

AsCl, 

8bCl» 

CO, 

SiO,« 

SiCl 4 

TiCl, 

TiCl 4 

SnCl, 

PbSiOjf 

PbB,0 4 .H,0. . . 

ZnS(0)§§ 

MgAl|0«|||| 

CaF.ll 

NaCl 

Na,B 4 O 7 .10H,O 

KC1*** 

Amber 

Glass, Jena:fft 

S.179 

0.1143 

0.451 

0.469 

0.500 

S.143 


16 

-195.5 

-182.5 

33 

114 

0 

20 

15 


12.8 
4.15 
7.82 
132.6 
80.9 
13.11 
11.60 

34.3 

51.3 

10 18 
16 10.5 

15 10.16 

16 41.8 

92 5.54 

16 8.76 

16 27.7 

16 110 

16 42.53 

16 70.4 

26 2.07 

20 16.64 

16 18.9 

16 - 15.21 

See Table 4 
16 44.0 

16 77.9 

16 59 

16 225 

16 21.0 

16 8.83 

16 35.85 

16 17.2 

16 28.58 

19 - 9.60 

18 16.1 

18 22.0 

18 31.7 

18 44.2 

18 60.8 

18 88.8 

* Diamond, f Fused. X Stt aUo Table 1. § d™ - 0.8240. 

ff cm-*. 1 d\l - 1.83840 ** Liquid at 1 atm. ft Fuming, 

pendicular to axis; alto p. 343. } } Zinc blende, sphalerite, 

mth chromium. H Fluorite. *** Sylvite. ttt 8.179 - Phosphate crown; 

0.1143 - barmm crown; 0.451 - light flint; 0.469 and 0.500 - heavy flint; 
S.143 - very heavy flint. 


(*) 

(*) 

( 8 ) 

( 2 ) 

(*) 

( 22 ) 

(25) 

(18) 

(**) 

(») 

( 4 ) 

(25) 

(*) 

(28) 

( 4 ) 

( 4 ) 

( 4 ) 

( 4 ) 

( 4 ) 

( 8 ) 

( 7 ) 

( 4 ) 

( 4 ) 

( 4 ) 

( 4 ) 

( 4 ) 

( 4 ) 

(*) 

( 4 ) 

( 4 ) 

( 4 ) 

( 4 ) 

( 20 ) 

(*) 

(*) 

(*) 

( # ) 

(*) 

W 

Mu - 1854 
Quarts; per- 
8pinel colored 


Table 4.— Verdet Constant for TiCl 4 (*») 

Umtof V = O.OOr per c m-gauss ; X = 1 A; temperature = 13.4°C 

^ 


4355 

4358 

4436 

4495 


54.39 

56.33* 

49.27 

46.87 


4623 

4688 

4694 

|4722 


40.54 

38.43 

37.78 

37.82 


•Temperature - 17.9°C. 


4723 

4805 

4840 

|4889 


36.89 

34.68 

33.25 

31.70 


5086 

5097 

5245 

5461 


27.05* 

26.43 

23.43 
20.23* 


5601 

5780 

5956 

6452 


18.30 

16.18 

14.71 

10.83 


Table 5.— Verdet Constant fob Pure Organic Liquids 

For values in infra-red, see Table 8; for relative molecular 
magnetic rotatory power, see Table 9. Temperature (() in °C 
Unit of V = 0.001' per cm-gauss; \ D ~ 5893 A 

Liquid 
Carbon disulfide. 



CC1 4 

CHjCl 

C 2 H 4 0, 

C,HbO 

C,H«0 

C,HgO 


Carbon tetrachloride 

Methyl chloride 

Acetic acid ... 


n 


4 h 8 o 2 


C 4 Hi 0 O 

C 6 H 10 O: 

C 8 Hi 0 O 4 

CeHuO, 

C,Hi 4 0* 

CjHhOs 

C I0 Hi 4 O 

CioHib 

C,oH 18 

CioHibO 

CioHigO 

CioHjbO 

CjoHibOb 


Ethyl alcohol 
Acetone 


n-Propyl alcohol 


Isobutyric acid 


Isobutyl alcohol 


Isovaleric acid 


Dimethyl malate 
Methyl valerate. 
Diethyl malate. . 
Diethyl tartrate. 

Carvone 

Limonene 

Turpentine 

Pulegone 

Citronellal 

Menthone 


0 

15.6 
18.0 
20 
34 
15 
18 

15.2 

32.0 

25.0 

15.1 

31.5 

17.3 

59.5 

15.3 

31.8 

16.1 

55.2 

15.0 

33.9 

15.3 

17.0 

15.3 
15.2 

14.9 

15.6 

15.8 

14.9 

16.4 

16.7 


Dipropyl tartrate 15.4 


43.41 
42.4 

43.0 
42.26f 

41.1 
16.03 

12.9 

10.35 
10.19 
11 . 12 * 

11.09 
10.86 
11.81 
11.21 

11.35 
11.15 
12.66 

12.03 
12.08 
11.83 
11.8 
11.8 

12.4 

12.3 

18.4 

16.5 

15.7 
16.4 
15.1 

13.7 

12.6 


( 4 ) 

( 25 ) 

(•) 

(•) 

( 25 ) 

( 25 ) 

( 8 ) 

( 25 ) 

(») 

( 31 ) 

( 25 ) 
( 25 ) 
( 25 ) 
( 25 ) 
( 25 ) 
( 25 ) 
( 25 ) 
( 25 ) 
( 25 ) 
( 25 ) 

(“> 

(”) 

(») 

(“) 

(") 

(») 

(“) 

(“) 

(») 

(“> 

(»> 


* [njz>- 10.751, 15°C (»•); f q]h« - 10.86. t - 20°C (»•). 

t Vl " F I0 { 1 - 164(f - 20) X 10~* - 1.43(1 - 20)* X 10“*} if 0 ^ t ^ 

40. 

0 

I Assumes Vd for H,0 at 25° - 0.01307' per cm-gauss. 

Table 6. — Verdet Constant for Solutions of Inorganic 

Substances 

For specific magnetic rotatory power, see Table 10; for infra-red, 

see Table 8 

Unit of V = 0.001' per cm-gauss; d = lg-cm -1 
Temperatures (t) in °C; Xp = 5893 A 


Solvent 


Solute 


HjO 


71 Vd 


Lit. 


HC1 
HC1 
HBr 
HI 

HNO, 

H,S0 4 + 3H,0 
H,S0 4 + 3H,0 
NH 4 OH 
AgNO, 
Bi(NOi), 

CaCl, 

FcCIb* 

FeCl, 

HgCl, 

Hg(CN), 

KC1 

KBr 


1 . 0762 
1 . 0758 
1.2039 
1.2966 
1.336 

1.5507 

0.8918 


1£ 

20 

15 

15 

15 

15 


1.1504 

1.6933 

1.4331 

1.0381 

1.0638 

1.600 

1.1424 


20 
16 1 
16 
iel 
16 


20 


16.8 
16.71 

19.4 
25.8 

10.5 
12.2 
12.18 

15.3 

18.03 
19.22 

. 16.5 
-204.1 
&56 
13.7 
7.1 
16.5 
16.3 


1(15) 

( 2f ) 

{»•) 
( 18 ) 

(*•) 

( 2 ) 

( 25 ) 

( 18 ) 

(*f 4 ) 

( 2 » 4 ) 
( ,2 ) 
(** 4 ) 
(*» 4 ) 
( 24 ) 
( 24 ) 
( 2 > 4 ) 
( ,2 ) 
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Table 6. — ( Continued ) 


Solvent 

Solute 

d 

| t 

v D 

Lit. 

HiO. — {Cant'd). . 

KI 

1.6743 

15 

34.1 

( 2 » 4 ) 


KNO, 

1 . 0634 

20 

13 

(12) 


KHCO 3 

1.1906 

20 

14.0 

( ,2 ) 


KjCrjO: 

1.0786 

15 

12.6 

(33) 


MgS0 4 

1.1147 

16 

3.6 

(24) 


MnS0 4 

1.1212 

16 

4.0 

(24) 


NaCl 

1.2051 

16 

18.2 

( 2 »<) 


Na 2 S0 4 

1.0661 

20 

13.5 

( ,2 ) 


Na 2 C0 3 

1.1006 

20 

14 0 

( 1 2 ) 


NiCl 2 

1.4685 


27.3 

( 2 » 4 ) 


SbCl 3 



29.9 

(2, 4 ) 


SnCl 2 

1 . 3280 

15 

26.6 

(33) 


ZnClj 

1.2851 

16 

19.6 

(33) 


KI + Hgl 2 

concen- 


128 ca. 

( 9 ) 



trated 




HC1 

BiCl 3 

2.0822 

16 

39.6 

( 2 ) 


SbCl 3 

2.4755 

16 

60.3 

(2) 

CHjOH 

Fe 2 Clfl 

t 

19 

1 . 592 

(20) 

C,H*OH 

CaBr 2 

0.9966 

20 

15.4 

(12) 


CdCl 2 

0 . 8303 

20 

11.8 

(12) 


CdBr 2 

1 . 0446 

20 

15.9 

(12) 


Cdl 2 

1.0988 

20 

19.9 

(12) 


HgCl 2 

0 . 9988 

16 

10.9 

(24) 


HgCl 2 

0.8857 

16 

12.1 

(24) 


Hgl 2 

0 . 8072 

16 

24.4 

(24) 


Hg(CN) 2 

0.8527 

16 

6.4 

(24) 


Hg(CN) 2 

0 . 8348 

16 

5.3 

(24) 


SrCl 2 

0.8313 

20 

11.8 

(12) 


SrBr 2 

0.9636 

20 

14.0 

(12) 

CjHjOt 

HgCl 2 

1 . 0388 

21 

10.8 

(24) 

C,H„OH§ 

HgCl 2 

0.8955 

16 

12.6 

(24) 

C.H.N|| 

HgCl 2 

1.1523 

16 

12.6 

(24) 


Hgl 2 

1 . 1054 

16 

23.1 

(24) 


Hg(CN) 2 

1 .2816 

16 

6.1 

(24) 


* Ste also Table 11. 


t O.MFejCU + 0.46 CHjOH, by weight, 
t Acetone. 

5 Amyl alcohol. 

II Pyridine. 


I ABLE 7. — VERDET 


Constant for Solutions of Organic 
Substances ( 25 ) 


For specific magnetic rotatory power, see Table 10 
ssumes for water at 4°C, U H « = 0.01551' per cm-gauss; Xh* - 

5461 A 

cmperature (/) in °C. Unit of V = 0.001 ' per cm-gauss; 

X = 1 A 


100r 2 

t 

V 

X5893 

X5461 

X4360 


Water (H 2 0)— Acetone (C 3 H e O) 


0.000 

15.4 

13.09 

15.49 

25.08 

23.799 

16 

12.96 

15.34 

24.98 

49.535 j 

15.3 

12.60 

14.90 

24.39 

73 . 552 

16 

12.02 

14.24 

23.36 

100.000 

15.1 

11.09 

13.10 

21.54 


0 000 
20.733 
39.165 
100.000 


Water (H 2 0) — n-Propyl 


15.4 

15.5 
14.9 
17.3 


13.09 

13.08 

12.77 

11.81 


alcohol (C,H 8 0) 
15.48 
15.52 
15.28 
14.08 


25.08 

25.18 

24.84 

22.98 


Table 7. — (Continued) 


100r 2 

t 

V 

1 X5893 

X5461 

X4360 


CC1 4 — Acetic. acid (C 2 H 4 0 2 ) 


0.000 

15 

16.03 

18.94 

31 23 

35.564 

15.1 

13.22 

15.53 

25.41 

58 272 

14.9 

12.00 

13.93 

23.01 

78.681 

15 

11.11 

13.06 

21.34 

100.000 

15.2 

10.35 

12.16 

19.91 


CS 2 — Acetic acid (C 2 H 4 0 2 ) 

w 

0.000 

15 6 

42.35 

50.70 

90.63 

12.076 

15.2 

33.12 

42.80 

75.38 

50.354 

15.5 

22.38 

26.55 

45.45 

61.284 

16.8 

19.39 

22.99 

39.01 

77.605 

16 

15 34 

18.14 

30.47 

100.000 

15.2 

10.35 

12.16 

19.91 


CS 2 — Isobutyric acid (C 4 H 8 0 2 ) 


U .000 

15.6 

42.35 

50.70 

90.63 

20 336 

14.5 

• 

32.60 

38.93 

67.83 

45 . 276 

14.6 

24.15 

28.35 

48.99 

49.112 

14.9 

23.12 

27.29 

46.70 

100.000 

15 

11.35 

13.23 

21.90 


CSj — Isobutvl alcohol (C 4 H 10 O) 


0 000 

15.6 

42.35 

50.70 

90.63 

15.803 

16 

33.99 

40.50 

70.78 

50 . 080 

15.7 

22.73 

26.88 

45.95 

75.360 

16.5 

16.94 

19.96 

33.56 

100.000 

16.1 

12.66 

14.86 

24.35 


CS 2 — Isovaleric acid (C 6 Hi 0 O 2 ) 


0.000 

15.6 

42.35 

50.70 

90.63 

32.725 

15.8 

28.30 

33.66 

58.36 

46 . 203 

16.4 

24.14 

28.68 

49.49 

50.099 

15.4 

23.19 

27.46 

47.15 

63.543 

17.1 

19.69 

23.36 

39.68 

100.000 

15.0 

12.08 

14.20 

23.16 


Table 8. — Verdet Constant in Infra-Red ( 13 ) 

Temperature = 23°C; concentration expressed in % by weight; 
unit of X = 1/i = 0.001 mm = 10< A; d = 1 g cm"*; V = 0.001' 

per cm-gauss 


Pure Substances 



Compound 

|x =0.6| 0.8 

1.0 

1.5 

2.0 

CC1 4 

Carbon tetrachloride. 

16.1 

8.9 

» 5.7 

r 2.5 

i 1.3 

SnCl 4 

Tin tetrachloride 

40.8 

21.7 

13.5 

. 6.C 

1 3.1 

TiCL 

Titanium tetrachlo- 







ride 

-13.1 

-5.0 

-2.6 

1 - 1.0 

1 -0 5 

CS, 

Carbon disulfide 

39.4 

21.4 

13.5 

5.8 

| 3.1 

H 2 0 

Water 

12.6 

7.0 

4.4 

(2.9; 






X = 

1.25) 

CHCli 

Chloroform 

15.5 

8.6 

5.6 

2.4 

1.3 

C 7 H 16 

n-Heptane 

11.9 

6.6 

4.3 

1.8 

0.9 

c 6 h 8 

Benzene 

28.1 

15.3 

9.5 

3.9 

2.2 

CtHs 

Toluene 

25.8 

13.7 

8.7 

3.5 

2.0 

CsH l0 

Xylene 

23.2 

12.8 

8.0 

3.5 

1.9 

CH,I 

Methyl iodide 

31.8 

17.8 

11.2 

4.8 

2.7 

C,HJ 

Ethyl iodide 

27.9 

15.1 

9.7 

4.1 

2.4 

CH 2 I 2 

Methylene iodide 

47.6 

26.8 

16.9 

7.3 

4.0 

c 6 h 6 no 2 

Nitrobenzene 

20.9 

11.4 

7.3 

3.1 

1.8 

CioHyBr 

a-Bromonaphthalene . 

46.0 

24.5 

15.2 

6.3 

3.5 

ch 4 o 

Methyl alcohol 

9.3 

5.1 

3.2 

1.9 

1.3 

c 2 h 8 o 

Ethyl alcohol 

11.1 

6.0 

3.8 

1.9 

1.0 

c 4 h, 0 o 

n-Butvl alcohol 

12.0 

6.7 

4.3 

1.8 

1.4 

c,h 6 o 

Acetone 

10.3 

6.1 

4.0 

1.7 

0.9 

C 4 H 10 O 

Ethvl ether 

• 

10 2 

5.8 

3.6 

1.6 

0.8 
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Table 8 . — ( Continued ) 
Aqueous Solutions 


Solute 



1.0 

1.25 

d 

% 

Ce(NOa), 

6.2 

3.9 

2.4 

1.6 

1.202 


C 0 CI 1 


9.6 

6.6 

1.296 


Co(NO,) 2 

9.9 

6.0 

4.3 

2.9 

1.308 

29.2 

CoSO* 


6.5 

4.6 


1.322 


Co (N 114 ) 3 ( 804 ) 2 

12.6 

7.1 

4.9 

3.5 

1.106 


Cr(NOi), 


6.6 

4.1 

2.5 

1.087 


Cr.tSO.), 


6.7 

4.5 

2.8 

1.140 


Fe,Cl, 

10.7 

6.1 

4.0 

2.6 

1.049 

6.3 

Fe s CL 


39.9 

21.5 

11.0 

1.523 

47.8 

Fe 2 (S0 4 ), 


2.9 

2.0 

1.6 

1.446 

FeS0 4 

8.7 

5.0 




Fe 2 (NH 4 ) 2 (S 0 4 )4 

7.8 

4.4 

2.1 

2.6 

1.250 

24.5 

K 3 Fe(CN) 6 

23.3 

5.6 

1.7 

0.1 

1.187 

31.4 

K 4 Fe(CN) 6 

14.7 

7.8 

5.1 

3.2 


K t Cr0 4 

9.2 

6.0 

4.1 

2.6 

1.372 

38.2 

K 2 Cr 2 Or 

10.8 

6.4 

4.2 

2.5 

1.085 

12.1 

MnCl 2 

14.1 

7.8 

5.4 

3.4 

1.326 

31.3 

MnS0 4 

17.8 

10.1 

6.6 

4.3 

1.369 

31.0 

Ni(NH 4 ) 2 (S0 4 ) 2 

13.9 

7.5 

4.8 

3.0 

1.054 

KI + Hgl ? 

84.1 

42.2 

24.9 

15.2 

2.445 



Formula 


Table 9. — (Continued) 

Name 


Table 9 — Molecular Magnetic Rotatory Power Relative to 

Water ([ Q]). — Pure Substances 

[fi] = MM/M'M' = MVd'/M'V'd, where M\ [«]', V\ d' refer to 
water at the same temperature and for the same wave-length 
Temperature (t) in °C; X D = 5893 A; = 5461 A; * denotes 



ecu 

CHBr, 

CHCli 

CH,Br, 

CHiCl* 

CHjIi 

CHiO* 

CHjBr 

CHiI 

CH«0 

c,Ha,o, 

CjHiCUOi 

CiHjBr 

CjHjBrCl* 

CiHjBr* 

CjHjCIO 

CiH»C10i 

CiH,a, 

c,H,ai 

CjHiBr* 

CiH«a, 

CjH«Cli 


CtKiO 

CjH«0» 

CtH«Oi 

CiHtBr 

CjHiCI 

CiH*I 

C?H«0 


C . H*Ot 


Carbon dieulhde |l5 

20 

Carbon tetrachloride 23 5 

25 

Bromoform 20 

Chloroform 

25 

Methylene bromide 18 

Methylene chloride 14 

Methylene iodide 17 

Formic acid 20 

20 

Methyl bromide 15 

Methyl iodide q 

Methyl alcohol 20 

20 

Trichloroacetio acid 15 

Dichloroacetic acid 15 

Bromoethylene 

l-Bromo-2, 2-dichloroethane 21.6 

1, 1, 2-Tribromoethane 12 

Acetyl chloride 

Chloroacetic acid 15 

1, 1, 1-Trichloroethane 20.8 

1, 1, 2-Trichloroethane 20 

1, 2-Dibromoethane 18 

1, 1-Dichloroethane 15 

21 

1, 2-Dichloroethane |l5 

21 
25 

Acetaldehyde 15 

Acetic acid 20 

20 

Methyl formate 18. 5 

20 

Ethyl bromide 20 

Ethyl chloride 5 

Ethyl iodide 18 

Ethyl alcohol 20 

!5 
120 

Glycol |l5 


10.751 
10 . 86 * 
6.813 
6.590 
11.614 
5.575 
5.568 
8.145 
4.347 

18.83 
1.653 
1.67* 
4.644 
9.005 
1.63 
1.60* 
8.473 
5.300 
6.203 

10.995 
12.891 
3.800 
3.882 
6.762 
6.804 
9.708 
5.34 
5.36 
5.485 
5.518 
5.537 
2.932 
2.531 
2.49* 
2.495 
2.49* 

5.83 
4.039 

10.104 
2.76 
2.768 
2.76* 
2.94 
2 . 88 * 


(*•) 

<•■> 

(»•) 

(*») 

(«•) 

(«•) 

(•*) 

(*•) 

( ,# ) 

(»•) 

(*•) 

(**) 

(>•) 

(*»> 

(>•) 

( IB ) 

( ,B ) 

(*•) 

(«•) 

(>•) 

(>•; 

(*•) 

<■•) 

( ,# ) 

('•> 

(*•) 

(»•) 

(* 7 ) 

(«•) 

<* 7 ) 

(*>) 

(*•) 

(*■) 

( ,f ) 

(>•) 

(>») 

(>•) 

(>•) 

<••> 

(••> 

(*») 

(*•) 

(*•) 

(»■) 


CJB4O4 

CiH*Br 

CtHiBr 

CaHtBra 

CaHaCl 

CaHaCU 

CaHal 

CaHaBrt 

CtHaBrt 

CaHcBra 

CaHaClt 

CiHiO 


CaHaO 
CaHaOt 

CaH«Ot 

CaHaOt 

CaHrBr 
CaHrBr 
CaHrCl 
CaHrl 
C.H»I 
CaHaO 

CaHtO 

CaHaO. 

C«H,C1,0, 
CtHtOa 
CiHaCltOa 
C«H«0« 
C«H4S 

C<H«Br» 

C«HtO 
C«H«Oa 

CaHaOt 

CaHaOa 

CaHaOt 

CaHaOt 

CaHaOt 

CaHaBr 

CaHaBr 

CaHaQ 

CaHtCl 

CaH.1 

CaHwO 

CaHifO 

CaHitO 

CaHiaO 

CaHiaOt 

CaHiaOa 

CaHaOa 

C.H.N 

CaHaOa 

CaHaOa 

CaHaOa 

CaHaOa 

CaHat 

CaHtaBra 

CaHiaO 

CaHiaO 

CaHwOt 

CaHiaOt 

CaHiaOa 

CaHiaOt 


1 / 

1 ( 0 U> 


23.2 

3.474 

(«•) 

22 

7 . 2 to 

<“) 

19 

8.227 

(*•) 

22.8 

14.050 

< l# > 


0.04 

(*•) 


7.904 

( l# ) 

3 

12.785 

(>•) 

15 

10.827 

(*•) 


10.145 

(»•) 

3 

10.337 

(II) 

16 

0.328 

(») 

15.2 

8.514 

(«•) 

25 

3,471 

(**) 


3 . 48 * 

(») 


4.092 

(«•) 

14.4 

3.335 

(«•) 

CIS 

3.40 

(») 




Ethyl formate 20 

20 

Methyl acetate 22 

20 

n-Propyl bromide 20 

Isopropyl bromide 18.6 

Isopropyl chloride 19 

n-Propyl iodide 20 

Isopropyl iodide 23 

Propyl alcohol 21 

20 

Isopropyl alcohol |18 

19.3 

Glyoerol 18.5 

20 

Fumaryl chloride 15.6 

Maleic anhydride 9.94! 4.548 

Sucdnyl chloride 10.8 


3.454 
3.56 
3.554 
3.36 
3.41* 
6.878 
6.995 
5.160 
11.056 
11.162 
3.77 
3.74* 
4.013 
3.966 
4.118 
4.07* 
8.747 


Maleio acid 

Thiophene 

It 2-Dibromoieobutylene 

Isobutyrio aldehyde 

n-Butyric acid 


Isobutyrio acid 


Tropyl formate. . . 
Isopropyl formate 
Ethyl acetate 


24.8 
15 
15 
22 
20 
20 
20 
20 

21.5 

20 

18 

20 

20 


Methyl propionate 

Isobutyl bromide 18.5 

terl.-Butyl bromide 20 

Isobutyl chloride 20 

tert.-Butyl chloride 17.6 

Isobutyl iodide 21 

Ethyl ether 20 

20 

n-Butyl alcohol 1 20 

Isobutyl aloohol J20 

Trimethyl carbinol 122 

Dimethyl acetal 115.5 

Erythritol .Il5 

Citraconio anhydride 115.6 

Pyridine 115 

Pyrotartario anhydride 111. 6 

Citraconio acid 115.6 

Dimethyl malonate 18 

Glutario add 113.3 

n-Propylethy lene 18 

23.6 

2 V 3-Dibromoisopentane 14.4 

Isovaleraldehyde 14.5 

Diethyl ketone 21 

Valerio add 14 

Isovalerio add 16 

20 

Propyl acetate 15 

20 

Ethyl propionate 15 


7.242 
5.633 
9.578 
11.88 
4.314 
4.47 
4.44* 
4.47 
4.44* 
4.50 
4.74* 
4.46 
4.48* 
4.36* 
8.02 

8.248 
6.144 

6.248 
12.183 

4.77 
4.80* 
4.72* 
4.95 
5.107 
4.64 
5.23 
5.540 
8.748 
4.764 
6.567 
5.273 
5.482 
6.113 
6.180 
12.933 
5.478 
5.434' 
5.50 
5.65 
5.57* 
5.49 
5.45* 
5.456 


(») 
(»•) 
(*•) 
(*•> 
<••) 
(»•) 
(*•) 
(»•) 
(*•) 
(*•) 
(»•) 
(»•) 
(«•) 
( l7 > 
(*•> 
(**) 
<") 
(*•) 
( lf ) 
<“) 
(*•) 
( ,# ) 
( u ) 
(»*) 
(“) 
<") 
(»*i 
( IB ) 
(»*) 
( I§ ) 
(*•) 
(*•) 
<*•) 
(*•) 
(»•) 
(••) 
(»•) 
(»•) 
( ,f ) 
<*») 
<*•> 
(«•) 
( l# ) 

<>•> 

( l§ ) 

(*•) 

(*•) 

(*•> 

(»•) 

(«•) 

(*•) 

<* 7 ) 

<*•) 

(»•) 

<* 7 ) 

( ,# > 

( |f > 

(*•> 

(«•) 

<*•) 

(»•) 
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Table 9. — ( Continued ) 


Formula 

1 Name 


« 

(0U> i 

Lit. 

CiHiaOt 

I Methyl butyrate 

• • • 

10.4 

5.38 

(18, 




20 

5.37* 

(IS) 

CiHuBr 

Isoamyl bromide 

• as 

18 

9.073 

(••) 

CsHnCl 

Isoamyl chloride 

a • a 

20 

7.109 

<*•> 

CiHnQ 

ferL-Amyl chloride 

• ■ • 

22 

7.2(H) 

<••) 

CtHuI 

Iaoamyl iodide 

• • • 

18 

13 246 

(»•) 

CiHit 

Pentane 

s • • 

20 

5.047 

(18) 




21.1 

5.811 

(* 7 ) 

CtHit 

Isopentane 

• a • 

21.5 

5.70 

(18, 

CftHitO 

Ethyldimethyl carbinol 

• • • 

20 

6.09 

(**) 

CtHuO 

oct.-Amyl alcohol 

• ■ • 

20 

5.95 

(18) 

CtHuO 

I leobutyl carbinol 


20 

5 96 

(!8, 

CtH<NiO« 

m-Dinitrobenxene 

s • • 

15 

9 047 

(18, 

CtHtBr 

Bromobenxene 

• a • 

15 

14.500 

(18) 

CaHiCI 

I Chlorobenzene 

• • • 

15 

12.510 

(*8) 

CtHtF 

Fluorobenzene 

• • • 

15 

9 970 

('•) 

CtHtI 

I Iodobenzene 

a • • 

15 

19.108 

(10) 

CtHiNOt 

Nitrobenzene 


15 

9.361 

(18) 

CtHtNi 

Triaiobenaene 

• • • 

15 

14.769 

(“) 

CtH. 

Benzene 

• • • 

15 

1 1 284 

(10) 




25 

11.23 

(*>) 


I 


27 

11.23 

( 27 ) 

C»H*C1N 

I m-Chloroanilino 

• 99 

15 

16.969 

0‘) 

CtH.ClN 

p-Chloroaniline 

• • • 

15 

17.066 

(10) 

CtHiO 

Phenol 

a a • 

15 

12.14 

(10) 

C«H«Oi 

Resorcinol 

0 • • 

15 

12.285 

(10) 

CtHcOi 

Pyrocatechol 

• • • 

15 

13.022 

(10) 

C*H«0* 

1 Pyrogallol 


15 

13.029 

( ,# ) 

CtHiN 

Aniline 

• • • 

15 

16.076 

(>•) 

CtHiClN 

Aniline hydrochloride (anhydrous). 

• • • • 

15 

16 394 

(*«) 

C«HcClN 

Aniline hydrochloride (in solution) . 

000 

15 

15.547 

(10) 

CtHiNs 

o-Phenylenediamine 

• • • 

15 

19.391 

(**) 

C.H»N* 

m-Phenylonediamine 

• • • 

16 

18.843 

(»•) 

CiHiNt 

Phenylhydraiine 

a • • 

15 

18.061 

(It) 

CtHitdtNi 

o-Phenylenediaminc hydrochloride 

(in 





solution) * 

• • • 

15 

21.329 

(>•) 

CtHuCltN* 

m-Phenylenediamine hydrochloride 

(in 





solution) 

• • • 

15 

20.345 

( fl ) 

C.HwChNi 

J p-Phenylenediamine hydrochloride 

(in 





solution) 

• • • 

15 

20.213 

(10) 

CtHuO* 

Ethyl a-erotonate 

• # a 

22.5 

7.567 

(»*) 

CiHuOj 

I Ethyl acetoacetate 

• • • 

19 

6.48 

(>•) 

CiBuOi 

I Glycol diacetate. 

• • • 

15 

6.43 

(>•) 

CtHuOt 

1 Diethyl oxalate 

• • a 

15 

6.636 

( l# ) 

CtHuOt 

1 Dimethyl mccin&te 

• • • 

18.5 

6.242 

(>•; 

CtHu 

Hexylene 

• • • 

24 

7.453 

(* 7 ) 

CtHuO 

1 Pinacolin 

• • • 

20 

6.32* 

(*•) 

CtHuOt 

I leobutyl acetate 


10 

6.63 

(»•) 

CtHuO* 

Propyl propionate 

• • • 

20 

6.42 

(*•) 

CaBuOi 

I Isopropyl propionate 

• • • 

18 

6.60 

(>•) 

CtHuOt 

J Ethyl butyrate 

s • • l 

19 

6.50 

(»•) 

CtHuO* 

Ethyl isobutyrate 

• • si 

18.8 

6.48 

(*•) 

CtHuOt 

I Paraldehyde 

• • • 

18 

6.653 

( l# ) 

C«HiiO« 

1 Fructose 

• • • 

15 

6.789 

(•*) 

CtHuOt 

1 Galactose 

• 00 

15 

6.887 

(*•) 

CtHuOt 

I Gluoose 

0 0 0 

15 

6.723 

( ,# ) 

CtHuI 

1 ««c.-Hexyl iodide 

0 0 0 

22 

14.243 

(»•) 

CtHu 

I Diisopropyl 

0 0 0 

15 

6.784 

( l ») 

CtHu 

I Hexane 

0 0 0 

11 

6.67 

( l# ) 




22 5 

6.66 

(* 7 ) 


I 


20 

6.62* 

(*•) 

CUHu 

I Isohexane 

• *• * 0 

20 

6.785 

<*•) 

CtHuO 

I 2, 2-Dimethyl-3-butanol 

0 0 0 

20 

7.06* 

(IS, 

CtHuOt 

• 1 Diethyl acetal 


15 

6.96 

( l ») 

CtHuOt 

Pinacol 

0 0 0 

21 

7.23 

(»•) 

CtHuO* 

Mannitol 

0 0 0 

15 

7.351 

(*•) 

C 7 H.CIO 

Bensoyl chloride 

0 0 0 

16 

12.385 

(*•) 

CtHiN 

P.tl ltd 

Ben to nitrile 

0 0 0 

15 

11.857 

(>•)• 

p tl 

' I Phenyl isothiocyanate 

0 0 0 

15 

21.626 

(*•) 

CiH«0 

I Benaaldehyde 

0 0 0 

15 

11.864 

(»•) 

V/iHiOf 

/I tv n 

Salioyl aldehyde 

0 0 0 

16 

13.286 

(••) 

CiHiBf 

o-Bromotoluene 

0 0 0 

15 

15.674 

(»•) 

CmiBr 

P-Bromotoluene 

• # # 

15 

15.167 

(*•) 

CjHtCI 

I o-Chlorotoluene 

0 0 0 

15 

13.719 

(*•) 

CiHtQ 

P-Chlorotoluene 

0 0 0 

15 

13.246 

(*•) 

CjHtNO 

I B^xuamidfi 

• • • 

15 

13.520 

(»•) 

CiHtNO 

Formanilide 

• • • 

15 

15.211 

(*•) 

C^HtNOi 

o-Nitrotoluene 

• • • 

15 

10.806 

(»•) 

CtH?NOj 

1 p-Nitrotoluenc 

• • • 

16 

10.214 

(»•) 


Table 9. — (Continued) 


Formula 

Nam : 

rz 

101D 

| Lit. 

C? H> 

Toluene 

15 

12. 157 

"" T") 


• 

.28 4 

1 

1 2 03 1 

' 21 ) 

CjIIiO 

Benzyl alcohol 

1 

15 

12.400 

(>•) 

CjH,0 

o-Creeol 

15 

13 3.82 

(it. 

CtHiO 

m-Crcaol . . . . 

15 

12.776 

(»•) 

C»H,0 

p-Cresol ....... 

15 

12.869 

(»•> 

C?HiO 

Phenyl methyl ether 

,15 

13.958 

(■•) 

CjH.O, 

Hornopyrocatechol ... 

I 15 

1 3 . 306 

(*•) 

CjII»0* 

Guaiacol 

15 

14.689 

(»•> 

C;H*N 

o-Toluidine . . . . 

15 

*17 200 

.<••) 

C;H 9 N 

m-Toluidine ... 

15 

16.210 

(10, 

CtH.N 

p-Toluidine 

15 

16 188 

(»•) 

CjH.N 

Methylaniline 

15 

19.624 

('•; 

CtHwN 

Bentylamine 

15 

13.646 

O') 

CtH»NO 

o-Anisidine 

15 

18 722 

('•) 

C 7 H 9 NO 

p-Anisidine 

15 

18.306 

('•) 

C 7 H l&Ol 

Dimethyl mesaconate .... 

14.4 

9.061 

('•) 

C 7 H l&Ol 

Dimethyl citraconate 

13 

8.364 

(>•) 

CtHijOj 

Dimethylacetylacetono ... ...... 

15 

7.045 

('•) 

C7H,^)« 

Diethyl m&looate 

15 

7.41 

(**) 

C 7 H 140 

Dipropyl ketone 

16 

7.47 

(>•) 



20 

7.32* 

(15, 

CtHuO 

Diisopropyl ketone 

20 

7.36* 

(IS) 

CtHuO 

Heptaldehyde. 

19 

7.405 

(»•) 

CtHuOt 

n-Heptylic acid 

20 

7.ot> 

(«•) 

C7HuOi 

Ethyl isovalerate 

19.5 

7.60 

('•l 

C7Hi# 

n-Heptane 

15 

0.660 

(»•) 

C7HuO 

n-HcDtvl alcohol 

15 

7.84 

('•; 


20 

7.78* 

(••) 

CtHiClsOi 

Phthalyl chloride. ... 

15 

14. 183 

(>•) 

CiHeO 

Coumarone 

15 , 

14.807 

(*•) 

CsH7QO 

w-ChloroacetopheDonc 

15 

14.091 

(*•) 

CtH7N 

o-Tdunitrile 

15 

12.980 

(«•) 

C«H7N 

p-Tolunitrile 

15 

12.999 


C*H7N 

Benzyl cyanide 

15 

12.472 

( ,# ) 

CsHi 

Phenylethylene 

15 

16.041 

(*•> 

CtH.O 

Acetophenone 

15 

12.597 

(»•, 

C%H»Ot 

Phenyl acetate 

15 

12.953 

(>•, 

CtH*0i 

Phenylacetic acid j 

15 

12.743 

( i# . 

C*H$Ot 

Methyl benzoate 

15 

12.743 

(*•) 

CtHiO t 

o-Methoxybenzaldehyde 

15 

14.187 

(••) 

C»H*0» 

Anisaldehyde 

15 

15.872 

(>*) 

C»H»Oi 

Methyl salicylate 

15 

14.266 

(*•) 

CtH.NO 

Acetanilide 

15 

16.003 

(»■, 

CjH.NO 

Phenylacetamide 

15 

15.208 

(»•, 

C»H 10 

o-Xylene 

16 

13.345 

(»•> 



27 

13.306 

(* 7 > 

CtHio 

m-Xylene 

15 

12.859 

(»•, 



28.4 

12.731 

(* 7 , 

CtHu 

p-Xylene 

15 

12.810 

('•, 



27 

12.789 

( tr ) 

CtHu 

Ethylbenzene 

15 

13.414 

(»*> 



28.2 

13.327 

(* 7 , 

CjHioO 

o-Tolyl methyl ether 

15 

15.190 

(••, 

C 1 H 10 O 

m-Tolyl methyl ether 

15 

14.646 

(»•> 

CjHuO 

p-Tolyl methyl ether 

15 

14.712 

(*•> 

C 1 H 10 O 

Benzyl methyl ether 

16 

13.417 

(*•> 

CtHuO 

Phenyl ethyl ether 

15 

15.129 

(>•) 

CtHuO 

Phenylmethyl carbinol 

20 

16.01* 

(>•) 

CtH 10 O 1 

Anisyl alcohol 

15 

15.407 

(*•) 

CtHioOi 

Creosol 

15 

15.405 

(»•; 

CtHuOt 

Dimethylresorcinol 

15 

15.108 

(*•' 

CtHuOt 

Dimethylquinol 

16 

16.717 

(»•) 

CtHjtOj 

Methylsaligenin 

15 

14.828 

(»•) 

CtH itOt 

3-Hydroxy-4-methoxy toluene 

15 

15.021 

(*•) 

CtHioOj 

Veratrol 

15 

16.837 

(>•) 

CtHioOt 

Diethyl aoetylenedicarboxylate 

25 

9.617 

(»•) 

CtHnN 

Ethylaniline 

15 : 

20.567 

(»•) 

CtHnN 

Dimethylaniline 

15 i 

22.888 

(*•) 

CtHuCIN 

Di methylaniline hydrochloride (anhy- 





drous) 

15 1 

18.326 

(»•> 

CtHitCIN 

Dimethylaniline hydrochloride (in 





solution) 

15 1 

17.604 

(*•) 

CtHnN* 

p-Aminodi methylaniline 

15 J 

26 . 239 

(*•> 

CtHi*0« 

Diethyl fumarato 

11.1 1 

10.112 

(*•) 

CiHn0« 

Diethyl maleate 

15 

9.625 

(*•>. 

CtHnNO 

Amylpropiolamide ‘ 

25 1 

10.653 

(» 7 ) 

CtHu 

n-Hexylacetylene ‘ 

25 

9.310 

(» 7 ) 

CtHuOt 

Glycol diprqpionate i 

16 

8.349 

(»•) 
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Table 9. — (Continued) 


C»HmO« 
CiHuO( 
C#H is 
CiHuO 
C&HuOi 

c*H, 7 a 

CaH.rCl 
C»H,7l 
CiH i s 
CiHuO 

CsHuO 

0»H»Oi 

C*HtN 

OHtNO 

CtH. 

C*H«0 

CtHsO 

C*Hio 

C*Hjo 

C*HioO 
C»H ioO 

CtHioO 

C*HioOt 

C*HioOi 

CtHnN 

CtHu 

C*Hu 

CtHu 


CtH 


u 


CtHuO 

CtHuO 

CtHuO 

CtHuO 

CtHuO* 

CtHuO* 

C*H,iN 

C*HuN 

CtHuCIN 

CtHuCIN 

CtHuO* 

CtHuO* 

CtHuO* 

CtHuO* 

C»HuO< 

CtHuO* 

C*H,.0« 

CtHuO* 

CtHuO* 

C»Hi»0 

CtHuO* 

CtHuO* 

C10H7NO1 

CioHs 

CioHsO 

CioH»Oi 

C10H.N 

C 10 H.N 

CioHioO 

C 10 H 10 O 1 

CioHu 

CioHuO 

CioHuO 

CioHuO 

CwHiiOi 

CioHuO* 

CioHuO* 

CicHijOi 

CioHuO* 

CioHuO* 

CioHuO* 

ChHitO* 


Name 

Diethyl succinate 

Diethyl isoeuccinate 

Octylene 

Isopropyl n-butyl ketone 

Cr.prylic acid 

Fthyl caproate 

Octyl chloride 

sec . -Octyl chloride 

Octyl iodide 

Octane 

Ootyl alcohol 


20 

19.2 

24 

20 

20 

18.8 

20 

20 

19.3 
23.1 
20 
20 
13.5 

25 


a«c.-Octyl alcohol 

Phenylpropiolic acid 

Quinoline 15 

Phenylpropiolamide 25 

Indene (synthetic) 15 

Hydrindone 15 

Cinnamaldehyde 15 

AUylbenzene 15 

Hydrindene (synthetic) 15 

Cinnamic alcohol 15 

Phenyl allyl ether 15 

Phenyl ethyl ketone 15 

Phenyl propionate 15 

Ethyl salicylate 15 

Tetrahydroquinoline 15 

Propylbenxeno 15 

25.0 

Isopropylbenzene 15 

1 27 
15 

28.6 

15 

24.0 

15 

15 

20 

20 

15 

15 

15 

15 

15 

15 

25 

15 

15 

10.3 

17.0 

18.5 

15 

18.5 

12.5 

20 

20 

15 

15 

15 

25 

25 

15 

15 

15 

15 

15 

15 

.5 

5 

5 

5 

5 

5 

5 

5 

5 

5 


8.379 
8.324 
9.400 
8.43* 
8.50 
8.502 
10.138 
10.25 
10.213 
8.722 
8.89 
8.87* 
8.99 
10.659$ 
20.875 
18.43$ 
16 202 
13.708 
17.885 
17.699 
13.928 
17.940 
17.134 
13.035 
13.073 

15.300 
19.019 
W4 553 
14.394 
14.033 
14.440 

13.300 
12.920 
13.998 
13.707 
16.187 
16.210 
13.87* 
14.92* 
17.484 
17.201 
118.017 
22.842 


18.705 

18.405 
10.598 
10.39 
10.497 
11.233 
10.407 
9.24 
9.27 
9.332 
9.350 
9.40* 
9.00 
9.54 
20.840 
25.125 
17.146 
H7.752 
37.478 
35.700 
19.235 
15.722 
18.302 
15.246 
17.571 
21.089 
15.005 
14.744 
14.761 
14.982 
14.873 
14 950 
18.727 
17 285 


(>•) 

0‘) 

(* 7 ) 

0*) 

( 18 ) 

(! 8 ) 

( 18 ) 

( 18 ) 

( 18 ) 

( 17 ) 

(>•) 

( 15 ) 

( 18 ) 

( ,7 > 

( 18 ) 

(* 7 ) 

( 18 ) 

(*•) 

(*•) 

( 18 ) 

( l# ) 

( ,# > 

( 18 ) 

(*•) 

(»«) 

( ,B ) 

( 18 ) 

( ,# > 

(* 7 ) 

( ,# ) 

<* 7 ) 

(*•) 

<* 7 ) 

( ,# ) 

(* 7 > 

(*•) 

(. 8 ) 

( 15 ) 

( 15 ) 

( 18 ) 

(*•) 

(*■) 

( 18 ) 

(»*) 



(*») 

( ,7 ) 

(! 8 ) 

( 18 ) 

( 18 ) 

( 18 ) 

(“) 

(*•) 

( 18 ) 

( ,# ) 

( 18 ) 

( 18 ) 

(*•) 

(»•) 

(*•) 

( 17 ) 

( ,7 ) 

(>•) 

( ,# ) 

( ,# ) 

( 18 ) 

( l# ) 

(>•) 

( 18 ) 

('*) 

(**) 

( 18 , 

(«•) 

( 18 , 

(>•) 

(*•) 

(>*) 

(*•) 


Formula 

CioHuO* 
CioHuO* 
Ci*HuBr*C10 
CmHuN 
CioHuN 

CuHu 

CloHl* 

CitKuBrNO* 
CioHuBrtO 
CioHuBr*0 
CioHuCINO* 
CioHuO 
CioHuO 
CnHuO 

CioHuO 
CioHuO 
CtoHuBrO 
CioHuCIO 
CioHuN 

CioHuNOi 
CioHuNOi 
CioHu 

CioHu 
CioHu 
CioHu 
CioHuO 
CioHuOi 
CioHuO* 
C 10 H 10 O 4 
CioHuO* 

CtoHnCl 
CioHuClt 
CioHuO 
CioHuO* 
CioHuO* 
CioHioN 

C10H10 
C10H »0 
CioHioO* 

CioHu 

CioHtiO 
CioHuO 
C11H7N 
C11H7N 
C11H10O 
CuHioOt 
CnHitOt 
CuHitOi 
CnHitOi 
C 11 H 11 O 1 
CuHuOt 
CnHuOt 

CuHuOt 

CuHuOt 

CnHuO* 

CuHnOs 

C11H10 

CuHioS 

CnHuO 

CuHitO 

CnHuO 

CitHiaN 

CisHuN 

CitHuO* 

CitHuOo 

CnHuO* 

CuHuOj 

CuHnO* 

CnHuO* 

CuHmOii 

CuHjiOii 

CuHitOii 

Ci*H *«0 

CnHuOi 

CioHioO 

CuHu 


Name 

Ethyl o-methoxybensoate 15 

Ethyl m-znethoxybenxoate 15 

a, 0-Dibromochlorocamphor§ 13.1 

ar-Tytrahydro-0-naphthylamine 15 

oc-T etrahydro-0-naph thylamine 15 

Iaobutylbenzene 15 


Cymene 


17.156 
16.679 
17.303 
20.058 
16.147 
15.615 
23.6 15.531 
15 15.255 


25.7 14.892 

a'-Bromonitrocamphor ( D 1 12. 7 12 . 720 

a, of-Dibromocamphor|H 15.52 15.994 

a, /S-Dibromocamphorjf 14.9 15.902 

a, a'-Chloroni trocamphor §** 12 . 851 10.822 

Cuminyl alcohol 15 15.879 

Phenyl isobutyl ether 15 17.333 

/-Phenylethylmethyl carbinol 20 14.98* 

Carvacrol 15 16.313 

Th y mo1 15 16.120 

a-Broraocamphor §** 12.2 12.761 

o-Chlorocamphorltt 12.4 10.846 

Diethylaniline 15 25.163 

CamphoryloximeSU 17.4 10.375 

a-Nitrocamphor} §§ 12.14 9.468 

Camphene 45.8 10.136 

d-Limonene 10.32 11.246 

/-Limonene ...15 11.102 

Pin ™e 1 20 10.294 

Camphor 5 1| || 15.74 9.280 

Ethyl amylpropiolate 25 11.556 

Methyl hcxylpropiolate 25 13.730 

Diethyl allylmalonate 14 11.265 

Diethyl acetosuccinate 22.5 10.33 

Pinene hydrochloride^ 14.8 11.058 


UL 

(«•) 

(>•) 

(«•) 

<*•> 

(*•) 

(*•) 

<”) 

(«•) 

(") 

('*) 

(«•) 

(«•) 

(>•) 

(>*) 

(»•) 

<••) 


Dipentene di hydrochloride 54.8 113.111 

Borneol}*** 15.8 

Diethyl propylmalonate -. . 20 

Diethyl isopropylmalonate 20 

Camphylamine 10 

Decylene 23.7 

Isobutyl amyl ketone 20 

Octyl acetate 15 

Decane 23 


i 20 

15.6 

20 

15 

15 

25 

25 

15 

15 

15 

5 

5 

5 


Ethyl hydrocinnamate 

Ethyl hexylpropiolate 

Diethyl diethylmalonate. . 

Ethyl pelargonate 

Diphenyl 

Diphenyl oul6de 

cr-Naphthyl ethyl ether. . . . 
0-Naphthyl ethyl ether 

Butyrylphenylacetylene 

Dimethyl-<*-naphthylamine 

Dimethyl-0-naphtbylamine 

Diethyl phthalate 

Diethyl isophthalate 

Diethyl terephthalate 

Ethyl cumate 

Diisobutyl succinate 

Diethyl suberate 

Maltose 

Lac cose 

Saccharose 

Isopropyl n-octyl ketone 

Diacetal 

Beniophenone 

Diphenylmethane 


15 

25 


9.807 
10.36 
10.47 
11.770 
11.247 
10.05* 
10.03 
8.722 
8.70* 
11.168 
10.44* 
24.788 
20.264 
18.595 
18.965 
20.000 
16.411 
21.891 
22.359 
15.962 
10.048 
10.169 
12.570 


20.5 11.20 
18 11.56 

15 25.304 

15 29.668 

15 82.237 

15 30.098 

25 19.911 

15 35.994 

15 47.377 

15 10.909 

16 10.942 

15 16.117 

15 17.093 

15 12.71 

17.5 12.45 
15 12.090 

15 12.714 

15 12.586 

20 12.48* 

25 13.61 

15 23.371 

15 23.845 


(«•) 
('•) 
(") 
(»•) 
(*•) 
(»•) 
(»») 
(«•) 
(»*) 
(»•) 
(»•) 
(»•) 
( IT ) 
( l7 ) 
( ,# ) 
(>•) 
(*•) 
(»») 
(»•) 
(«•) 
(*•) 
(»•) 
(* 7 ) 
(»*) 
( IB ) 
(* 7 ) 
( If ) 
(»•) 
(>») 
( lf ) 
(>•) 
( IT ) 
(”) 
(»•) 
(*•) 
(»•) 
(*•) 
( l# ) 
(«•) 
(*•) 
( ,7 ) 

(>•) 

(»•) 

( ,a ) 

(*•) 

(» # ) 

( ,B ) 

C 7 ) 

( ,f ) 

(>•) 

(«•> 

(»•) 

(••) 

(»•) 

(**) 

(*•) 

(■•) 

(>•) 

(*•) 

('•) 

( l7 > 

(*•) 

(«•) 
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Table 9. — ( Continued ) 




Formula 

| Name 

i * 

J J_OlD_ 

1 lit. 

CuHitOi 

Ethyl a-naphthoate 

16 

27.101 

! ("i 

CuHixOt 

Ethyl 0-naphthoato 

15 

27 300 

( ,s > 

CuHuN 

Methyldiphenylaminc 

15 

34 878 

(18, 

CuHuN 

Bemylanilinc 

15 

31 .296 

(18, 

CkHmO 

Iaovalerylphenylacetylene 

25 

21.108 

(> 7 ) 

CuHuOi 

Phenyl oeaanthaUi 

15 

17 023 

('•) 

CuHsdOx 

Diethyl diallylmalonate. . 

22 

14.09 

(18, 

CuHio 

Phenanthrcne 

15 

30 050 

(18; 

CuHii 

Stilbeno 

15 

33 143 

(18, 

CmHm 

Dibenzyl 

15 

24.077 

(18, 

C 14 H 14 S 

Dibenzyl eulhde 

15 

29 210 

(18, 

CuHuN 

Dibenzylamine 

15 

25.870 

(18) 

CmHuO 

Caproylphenylacctylcnc 

25 

21.435 

( ,7 ) 

CuHnO 

Phenyl octyl ether 

15 

21.440 

(18) 

Ci«Ht«0« 

Diethyl sebacate 

15 

14.51 

(18) 

CiiHtsOj 

Heptyl oenanthatc 

15 

14.64 

(18) 

CuHnO 

Bemoylphenylacetylene 

25 

28 403 

O 7 ) 

CuHtiOi 

Octyl benzoate 

15 

19.902 

(18) 

CuHieOi 

Cetyl acetate 

20 

18.70 

(*•) 

C»Hii 

Triphenylmethane 

15 

36 011 

(*•) 

C»H:.N»Oi 

Nitrocamphor anhydride $ ttt 

14.0 

19 712 

O®) 


HaO—HCl P2) 


* Value for Xh« - 6461 k. 

t Dissolved In ethyl alcohol, C = 10.215% by weight 
t Dieeolved in ethyl alcohol. C - 11.57% by weight. 
| Dissolved In ethylene chloride. 

B C - 100/7 - 14. 3M %, 

I C - 10M %. 

**C - 25M %. 
ttC - 20M %. 

ItC - 200/7 - 28.6M %, 

HC - 100/3 - 33.3 M %. 

BBC- 400/7 - 67. 1M %. 

II Diaaolved in CC1«; C - 100/1.517 - 65.9M % 
***C - 100/6 - 16. 7M %. 
tttC - 100/21 - 4.76M %. 


Table 10. Specific Magnetic Rotatory Power of Solutions 

For Verdet constant for solutions, see Tables 6 and 7. Ms = 
(1 + XOOOA)|t,M, + r ,[«)', = (Ms - r.M.) . If V c 

® il + Or j -f br,] t 0 < r 3 < 1, 6 = max. deviation of V c from 
o served V for the solution; Vi = Verdet ’e constant for constit- 
uent o.l. R s [w] 5 /(a)]", where [u]" = value for water at same 
temperature. Temperature 25°C, X = 5893 A = D-line; unit of 
o * 1 g per ml. 

Water— Acetic acid (C 2 H 4 0 2 ) (32) 

IOOtj “ 


12.868 

30.444 

48.577 

66.640 


0 

7.542 
14.94 
20.43 
30.04 
41.59 
60.33 
62.76 
69.54 
79 . 40 . 
88.90 
100.00 



100r 2 


14.319 
20.697 
25 . 568 

15.63 
25 60 
30.86 
36.50 
41.70 
100.00 

18.972 
36.327 
62 . 553 
80.130 
97 717 


100r 2 


0 

9.179 
11.154 
14.019 
18.921 
28.005 
35.165 
47.407 
57 . 938 
64.413 
72 . 998 
84.349 
93 663 
96 598 
100.000 



1.88o; 6 = 0; 5 = 0.2% 
1.0661 
1.0977 
.1.1243 
l = 20°C (2 5) 

1.0758 | 

1.1274 
1 . 1564 
1.1846 
1.2051 

0.8240 

H 2 0-H 2 S0< (32) , 

1.1308 

1.2693 

1.5205 

1.7304 

1.8310 


a 16 


t = 15°. (25) 
1.00000 
1.06305 
1.07706 
1.09785 
1.13464 
1 . 20620 
1.26529 
1.37413 
1.47966 
1 . 55074 
1.65021 
1 . 77753 
1.83617 
1.84264 
1 83840 


H 2 0— KC1 (32) 


100r 2 


10.345 

19.143 

25.830 


1.08; b = 0; 5 = 0.7% 
1.0724 
1,1240 
1.1833 




11.410 
18.300 
24 . 292 


H«0 — NaCl (32) 

1.473; b - 0; 6 - 0.5% 
.1.0882 
1.1318 
1.1794 


2.209 

2.178 

2.164 

2.196 

2.172 

2.120 

2.096 

2.008 

1.076 


0.337 
0.347 
0.366 
0 . 392 
0 . 407 



0 

- 6.8 

- 8.3 
- 11.2 
-14.9 
- 22.0 
-28.2 
-41.9 
-41.8 
-44.1 
-42.7 
-31.6 
-15.2 

- 3.7 
0 



1.282 

1.333 

1.270 



.558 
1.604 
1 606 
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Chloroform (CHC1,)— Acetone (C,H,0) (31) 


lOOr, 



Ethylene chloride (C 2 H 4 C1 2 )- 
0.00 1.2492 

11.90 1.1860 

20.79 1.1441 

26.31 1.1193 

34.25 1.0858 

49.23 1.0280 

58.01 0.9971 

67.87 0 . 9647 

77.21 0.9361 

86.37 0.9097 

100.00 0.8736 


Benzene (C 8 H 6 ) ( 31 ) 

0 

- 4.7 
+ 3.3 
+ 8.2 
+ 1.7 
+ 6.0 
+ 2.0 
+ 3.7 
+ 6.3 
+ 4.4 
0 


Ethyl alcohol (C 2 H«0)— Aniline (C 6 H 7 N) (32) 
a - 1-25; b = 1.06; 5 = 2.5% it r, > 0.29 


a = 
0.000 
9.805 
20.486 
29 . 707 
36.370 
50.878 
59.609 
71.458 
80 . 992 
88.728 
100.00 


0 . 7865 0 

0.8083 -13.5 

0.8317 - 33.4 

0 . 8524 - 26 :8 

0.8673 -31.6 

0.9003 -30.0 

0.9206 -38.8 

0.9483 -26.3 

0.9713 -21.9 

0.9893 -16.3 

1.0174 0 


Benzene (CeH*) — Aniline (C«H 7 N) (32) 


0.000 

11.893 

22.102 

34.378 

40.177 

52.061 

61.486 

71.607 

80.972 

88.176 

100.000 


0.8725 
0.8886 
0.9026 
0 . 9202 
0.9284 
0 . 9459 
0 . 9598 
0 . 9747 
0.9889 
0.9997 
1.0174 


0 

7.3 

4.6 
2.8 

. 4.2 
+ 0.4 
- 3.1 
4- 1.6 

3.6 
4.2 
0 


Table 11. — Dispersion of Verdet Constant: Formulae 

For dispersion formulae for gases, see Table 2 
C / dn \ 

F = — f n - £X— J; visible spectrum (14) 


^ “ n\*[(x*""— X?) visible and ultra-violet (31); 

index of refraction 

Unit of X, Xi = 0.001 ram = 1 M « 10 4 A; K and Ki an 

dimensionless 


Creosote. . 

Glass:* 

Crown. . 
Flint (1) 
Flint (2^ 
Flint (3) 
FejClef. . . . 


K 


35 

28.90 

8.01 

9.20 

13.03 

-122 


Lit. 


(13) 


K\ 


K 


NaClJ 26.39 

TiCl 4 -715.82 

HjO 77.65 0.12604 0.7381 

CS, 15 0.1804 0 

C«H fl 0.1902 0.6069 

m-CsHio 

a-Ci 0 H 7 Br 


0.1804 

0.1902 

0.1886 

0.2563 


Lit; 


(“) 

(*) 

(11,23) 

(14,21) 

(”) 


0.64219 (*>) 
1.1265 («) 


* For crown, d - 2.55; flint (1), (2), (3), d - 5.32, 4.3S, 4.08, respectively, 
t Aqueous ■olution, 33 % FetCli. 

X Range covered i* 0.214m £ X £ 0.544m. 


Table 12. — Dispersion of Verdet Constant for Pure 

♦ 

Gases 

For dispersion formulae, see Table 11. Temperature (i) in °C; 

Unit of X * 1 A, p = lAo 


0 3 (30) H* (30) 


CO, (30) 


3665 

3130 

2805 

2755 

2654 

2535 

2482 

2399 

2378 


P I V/Vx | t | p 


83.8 

83.8 

83.25 1.31 18.7 90.0 

84.9 1.795 17.988.1 

82.5 2.24 19.875.2 

41.3 2.31 

19.775.5 
20.974.9 
20.575.0 

19.374.7 

19.374.8 


V/V x 


1 

1.18 

1.45 

2.14 

2.83 

3.29 

3.67 

3.905 

4.27 

4.37 


25.3 

27.3 
27.3 
27.2 




V/Vi 


1 

1.22 

1.79 

2.27 

• 

2.61 
5 



Table 13. — Dispersion of Verdet Constant: .Pure 

Substances 

tySee also Table 14. For disoereion formulae, see Table 1 1 
Unit of X = lm/i - 10 A; Xp - 589. 3m y — 5893 A 


N,* (I®); t = — 195.5°C 


0,* (I®); t - — 182.5°C 


X 

V/V D 

6260 

0.871 

6100 

0.935 

5780 

1.043 

5461 

1.172 

5010 

1.355 

4359 

1.860 


X 

6260 

6100 

5780 

5461 

5010 

4359 


V/Vd 

0.897 

0.848 

1.062 

1.103 

1.118 

1.319 


Liquid. 
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CO,* (•);*« 26 °C 


X 

V/Vu 

6260 

0 866 

5461 

1.200 

4359 

2.130 

CS 2 * (21) 

670 . 8 

0.72572 

495.8 

1.5432 

432.0 

2.2407 

414.4 

2 . 5377 

404.6 

2 . 7206 

(25) 

546.1 

1.197 

436.0 

2.140 

CS 

* ( 8 ) 

626.0 

0.863 

578.0 

1.170 

546 . 1 

1.221 

435.9 

2.190 

H;0, see Table 1 

SO,* («); t = — 10°C 

6260 

0.910 

6100 

0.942 

5461 

1.151 

4359 

1 .795 


T 1 CI 4 , Titanium tetrachloride; 
see Table 4 


CHjCl, Methyl chloride ( 8 ) 


t * 

18°C 

626.0 

0.897 

546 . 1 

1.168 

435.9 j 

1 . 957 

CH«0, Methyl alcohol ( 1 °) 

656 

0.81 

578 

1.04 

546 

1.155 

492 

1.47 

436 

1.915 

366 

2.80 

334 

3.45 

254 

7.3 


CiHiOj, Acetic acid (25) 


646.1 

436.0 


1.175 

1.924 


CaH«0, Acetone (2 8 ) 


546.1 

436.0 


1.481 

1.942 


CiHgO, n-Propyl alcohol (2 5 ) 

KAa 1 1 ' 


1.192 
1.946 

C *H,0|, Isobutyric acid (25) 

C a n « 1 v ' 


546.1 

436.0 


1.162 

1.930 


C«HnO, Ethyl ether ( 10 ) 
656 

576 
546 
492 
436 

Liquid. 


0.80 
1.04 
1.165 
1.47 
1.91 


C4H10O, Isobutyl alcohol ( 2B ) 


X 

Vf Vi, 

546.1 

1.174 

436.0 

' 1.923 

CsH,o0 2 , Isovaleric acid ( 25 j 

546.1 

1.176 

436 0 

1.917 

CfHr, Benzene ( 2l ) 

452.9 

1.8785 

401 . 6 

2.5301 

363 . 1 

3.4541 

330 . 6 

4.6650 

310.0 

5 . 8680 

CcHioOg, Dimethyl malate 

(active) ( !1 ) 

710.0 

0.707 

546.1 

1.192 

491 6 

1.468 

435 . 6 

1 . 856 

C«Hu 0 2 , Methyl valerate 

(active) (* 1 ) 

710.0 

0.670 

546.1 

1.184 

491.6 

1.467 

435.9 

1.849 

C e Hi 4 , Hexane ( ,0 ) 

656 

0.78 

578 

1.04 

546 

1.175 

492 

1.48 

436 

1.93 

C 8 H l0 , w-Xylene ( 2I ) 

670.8 

0.75117 

495.8 

1 . 5034 

452.9 

1.8738 

404.6 

2.5227 

363.1 

3.4285 

CsHuCh, Diethyl malate (**) 

(active) 

710.0 

0.666 

546.1 

1.173 

435.9 

1.915 

CioHuO, Carvone (active) ( J1 ) 

710.0 

0.715 

546.1 

1.168 

491.6 

1.526 

CgHuOg, Diethyl tartrate 

(active) ( ,l ) 

710.0 

0.670 

546.1 

1.158 

' 453.9 

1.895 


CioH 7 Br, a-Bromonaphthalene 

( 21 ) 


670.8 

0 . 74025 



495.8 

1.6d35 

CioHieO, Pulegone (active) 

452.9 

2.1062 

710.0 

0.681 

404.6 

3.1205 

546.1 

1.185 

373.6 

4.4230 

491.6 

1.482 


CioHje, Limonenc (10) 


X 

6.56 

.578 

546 

492 

436 


V/V D 
0.79 
1 .04 
1.18 
1.49 
1.97 


O10H17O), Pine no hydrochloride 


. V/Vo 


( 10 , 


CioHie, Limonenc (active) ( 11 ; 


710.0 

546.1 
491.6 
435.9 


0 . 707 
1.182 
1.507 
1.993 


656 

0.79 

578 

1 .04 

646 

1.17 

436 

1 95 

OioHigO, Borneol ( 10 ; 

656- 

0.79 

578 

1.04 

546 

1.17 

492 

1.48 

436 

1 045 


CioHie, a- 

656 
578 
546 
492 
436 
366 
313 


Pinene ( 10 ) 
0.795 
1.04 
1.175 
1.48 

1.94 

2.95 
4.10 


CioHuO, Citronellal (active) 

( ll ) 


710.0 

546 . 1 

491.6 

435.6 


0.661 
1.174 
1.475 
1 916 


CioHie, /3-Pinene ( 10 ) 


CioHisO, Menthone (active) 


656 

0.79 

(») 

A 

578 

1.04 


0.691 

546 

1.18 

546.1 

1.181 

492 

1.49 ; 

401.6 


436 

1.97 ! 

435 . 9 

1 937 

366 

3.09 



313 

4.31 




CiuHigO, 

656 


Pinene 


CioHu, Turpentine (active) 

( !1 ) 


710.0 

546.1 
491.6 
435.9 


0.655 

1.179 

1.503 

1.961 


Ci 0 Hi«O, Camphor ( l0 ) 


578 

546 

492 

436 

404 

366 

313 

280 

265 

253 


hydrate 
0.79 
1.04 
1.18 
1.48 
1.95 
2.33 
2.98 
4.30 
5.75 
6.60 
7.68 


( 10 ) 


656 

578 

546 

492 

436 

366 

334 

254 


0.80 

1.04 

1.17 

1.505 

1.94 

2.95 
3.66 
7.7 


tartrate 


710.0 

0.680 

546.1 

1.173 

491.6 

1.442 

435.9 

1 .899 


CC1 4 , Carbon tetrachloride (28) 


546.1 

436.0 


1.182 

1.948 
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Formula 


Table 14. Dispersion of Verdet Constant: Pure Organic 
Cf. Table 13; numbers in body of table are values of V/V R a ; 
Name 


Substances (*«) 
Ah, = 5461 A 



CS, 

CILCL 

CH <0 

C 2 H 4 0 2 

c 7 h 6 o 

c,h 6 o 

CjHflOa 

C,H 8 0 
CjHgO 1 
C 4 H^0 2 

c 4 h 9 o 2 

C4H10O 

C^H.oO 

c 4 h, 0 o 

C 4 H,oO 
C S H 10O2 
C s H 12 0 
C 6 H l2 0 

c 6 h 12 o 

CsH 12 0 

C 6 Hh 

C«HuO 

C«H 14O 

C 7 H lft O 

C 7 H 1# 0 

CeHioO 

C 8 H 18 

C 8 H l8 0 

CgHiaO 

CgHnO 

QH20O 

C 9 H w O 

C10H22O 
Ci iHj 4 0 

C, 2 H2«0 


Carbon disulfide 

Fonnic acid 

Methyl alcohol 

Acetic acid 

Ethyl alcohol 

Allyl alcohol 

Propionic acid 

n-Propyl alcohol 

Isopropyl alcohol 

n-Butyric acid 

Isobutyric acid 

n-Butyl alcohol 

Isobutyl alcohol 

scc.-Butyl alcohol 

ferf.-Butyl alcohol 

Isovaleric acid 

Isoamyl alcohol 

ad.-Amyl alcohol 

scc.-Amyl algohol 

tert . -Amyl alcohol 

n-Hexane 

Methylisobutyl carbinol 

sec.-Hexyl alcohol 

n-Heptyl alcohol 

sec.-Heptyl alcohol 

Phcnylmethyl carbinol . . 

n-Octane 

n-Octyl alcohol 

sec.-Octvl alcohol 

Phenylethyl carbinol 

Methylheptyl carbinol. . 

Ethylhexyl carbinol 

Methyloctyl carbinol . . . 
Methylnonyl carbinol . . 
Methyldecyl carbinol 


0.624 

0.647 

0.645 

0.648 

0.638 

0.641 

0.648 

0.642 

0.642 

0.645 

0.646 

0.649 

0.648 

0.645 

0.643 

0.651 

0.650 

0.647 

0.651 

0.651 

0.647 

0.650 

0.647 

0 . 644 

0.648 

0.624 

0.650 

0.647 

0 . 642 

0.634 

0.649 

0.644 

0.642 

0.645 

0.644 


0 686 

0.708 

0.707 

0.698 

0.708 

0.700 

0.711 

0.713 

0.702 


0.707 

0.699 

0.713 

0.704 

0.702 

0.709 


0.703 

0.710 

0.705 

0.708 

0.685 
0.706 
0.705 
0 705 
0.689 

0.703 


0.836 
0.852 
0.851 
0.851 
0.849 
0.847 
0.856 
0.850 
0.8.50 
0.853 
0.849 
0.849 
0.846 
0.850 
0.852 
0.848 
0.852 
0.850 
0.852 
0.852 
0.851 
0.850 
0.852 
0 . 855 
0.849 
0.839 
0.850 
0.851 
0.849 
0 . 835 
0.849 
0.853 
0.848 
0.848 
0.849 


1.190 

1.164 

1.164 
1.163 
1.166 
1.177 

1.165 
1.163 
1.163 


1.168 

1.162 

1.164 
1.166 

1.165 
1.169 


1.165 

1.168 

1.165 
1.162 

1.184 

1.168 

1.166 
1.163 
1.181 

1.165 


1.376 

1.322 

1.315 

1.331 
1.318 

1.332 

1.320 

1.321 
1.320 


1.328 

1.321 

1.309 

1.328 

1.324 

1.325 


1.325 

1.318 

1.321 
1.320 

1.363 

1.325 

1.320 

1.320 

1.362 

1.322 


1.464 


1.386 


1.393 


1.391 


1.394 

1.451 


1.764 
1.635 
1.624 
1.631 
1.626 
1.672 
1.635 
1.629 
1.634 

1.634 
..633 
1.637 

1.635 

1.635 
1.645 

1.636 

1.634 
1.641 
1.636 

1.643 
1.636 

1.644 
1.639 

1.635 
1.639 
1.739 

1.634 

1.636 

1.635 
1.731 

1.635 
1.634 

1.636 

1.638 

1.639 


Table 15. — Differential Lao in Appearance of Faraday 

Effect (i) 


If l[l,] = time that elapses between the application of the field 
and the appearance of the rotation in the substance [in CS 2 ], 
A » / — Z*. Unit of A = 1 mji sec = 10"* sec; uncertainty in 
A = ±0.3 m/i sec. 


| Substance 

A 

CS 5 

Carbon disulfide 

0 

h 2 o 

W ater 

1 1 

CCL 

Carbon tetrachloride 

A • A 

1.1 

CJL 

Benzene 

1 9 

C 8 H,o 

Xylene 

2 1 

CHCIj 

Chloroform 

2.4 

c 7 h 8 

Toluene 

2 5 

C 8 HijO 

Amyl alcohol 

4.0 

CHBr, 

Bromoform .. . . . 

4.1 
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ROTATION AT REFLECTION— KERR EFFECT 

A. Cotton and M. Cau 
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When plane polarized light is incident upon a reflecting surface, 
magnetizing the reflecting material produces, in general, a rotation 
of the plane of polarization of the reflected light, and under certain 
conditions introduces a circularly polarized component. The 
magnitudes of the several effects depend upon the intensity of 
magnetization (/) of the substance and apparently not upon either 
the temperature or the intensity of the magnetic field (77), except 
as these affect /; they vary from specimen to specimen, and not 


infrequently depend upon the particular region under study. 
Three cases are distinguished: (1) Polar reflection, / being normal 
to the reflecting surface; (2) longitudinal for meridional) reflection, 
/ being parallel to reflecting surface and to the plane of incidence; 
(3) transverse (or equatorial) reflection, / being parallel to reflect- 
ing surface and perpendicular to plane of incidence. If r = rota- 
tion produced by increasing the. magnetization from zero to /, 
then for polar reflection, normal incidence, r = A/, where A 
depends only upon the reflector and the wave-length (X) of the 
light; A is Kerr’s constant; r is considered positive if it is in the 
direction of the Amperian currents producing /. 

When a key number precedes the symbol or name of a substance 
it refers to Table 1 where such information as is available regarding 
the specimen is given. 


Table 1. — Kerr Constant (Ax) and Rotation (r m ) at Saturation: Polar Reflection, 

H = intensity of magnetic field; the substance is magnetically saturated (= satd.) unless m 

mm = 10 A; of Ax = 0.001 minute of arc per cgsm unit of 7; of r m = 1'; of 77 


Normal Incidence, One Wave-length 

arked “uns.”; unit of X = 1 nip = 10~* 
= 1 kilogauss = 1000 gauss 


Key 


1 

2 

3 

4 
6 
6 

7 

8 
9 

10 

11 

12 

13 

14 
16 
16 

17 

18 

19 

20 
21 
22 

23 

24 
26 

26 

27 

28 

29 

30 

31 

32 

33 

34 
36 

36 

37 
88 


Substance 

Remarks 

Source 

H 

1 x 

Ax 

1 Tm 

Lit 

Fe 

Electrolytic iron 

Gumlich 

40 

530.0 

-13.5 

[ -22.68 

i (>) 

Fe 

Electrolytic, on platinized glass 


13 

520 


-11.4 

(13, 

Fe 

Cathode deposit (vacuum) 


13.2 

520 


- 7.8 

(13) 

Fe 

Distilled on glass, brilliant 


20.5 

588 


-18.1 

( 2 ) 

Fe 

Distilled on glass, dull 


15.8 

1 588 


-17.9 

( 2 ) 

Fe 

Pure 

Kahlbaum 

22.0 

520 


-19.74 

( 3 ) 

Fe 

Pure cast; no S, Si, Mn 

Weiss 


530.0 

— 11 3 

-18.97 

(>) 

Fe 

Swedish; 0.22% C; tr. of P, Si, Mn 

Kohlswa 

40 

546.1 

— 12 3 

-20.59 

0) 

Fe 

Swedish commercial 


20.4 

520 


-19.2 

( 3 ) 

Fe, Ce 

Ferrocerium 


uns. 

530 


- 6.22* 

( 9 ) 

Fe a Oj.FeO 

Magnetite 

Griesheim 

satd. 

450 0 

- 4.6 

- 1.89 

(*) 

Fe a O a .FeO 

Magnetite; artificial, compressed powder. . . 

Weiss 

satd. 

450.0 

- 2.7 

- 1.10 

( l ) 

Fe a O,.FeO 

Magnetite; natural 

DuBois 

12 

450.0 

- 5.2 

- 2.00 

(*) 

Fe a O,.FeO 

Magnetite (Pfitschthal) 


16.4 

440 


— 1 44 

( 3 ) 

Fe a 0 3 .FeO 

Magnetite (Traversella) 


15.8 

439 


- 2. If 

( 2 ) 

Fe a Oj.FeO 

Magnetite 


10 

900 


+ 3 

( 4 ) 

Fe a O,.ZnO 

Franklinite 

DuBois 

7.5 

450.0 

- 8.0 

- 1.19 

(*) 

Fe a O a .ZnO 

Franklinite (New Jersey). . 


satd. 

530 


+ 1.2 

(10) 

Fe.O.CuO 

Cuproferrite 

DuBois 

7.5 

477.0 

+ 6.3 

H- 1.68 

(*) 

Fe,0, CuO 

Cuproferrite 

Hilpert 

10.15 

477 


+ 1.75 

( 8 ) 

Fc.O.CoO 

Cobalt ferrite 

Hilpert 

satd. 

530 


- 0.6 

(10) 

Fe,0,.CaO 

Calcium ferrite 

Hilpert 

satd. 

530 


+ 0.2 

(10) 

FejSs 

Pyrrhotite (Brazil) 


satd. 

Any 

» 

+ 1 

( 9 ) 

Fe,C 

Cementite 

Hilpert 

satd. 

530 


-26.45 

( 9 ) 


Steel 

Schmidt and 

20 

588 


-22.7 

(2) 



Haensch 







Steel 


19.2 

520 


-20.88* 

( 3 ) 

Fe a Si 

Ferrosilicon ; Fe a Si = 30 At. %§ 

Tammann 

satd. 

530 


-16.75 

(10) 

Fe,Co 


Weiss 

20 

530.0 

-14.95 

-27.64 

(*) 

Fe, Co, Sb 

00Fc + 30Co + 4Sb 

DuBois 

satd. 

530.0 

-14.7 

-23.66 

(>) 

Fe, Ni 

25.4 % Ni 

Krupp 

16 3 

589 


-17.29* 

( 8 ) 

Fe, Ni 

27% Ni . . ... 

Weiss 

16.8 

589 


-15.92* 

( 8 ) 

Fe.Ni 

36 % Ni 

Weiss 

20 

530.0 

-17.2 

-15.05 

(>) 

Fe, Ni 

36 % Ni (Invar) 

Commentry- 

14.5 

574 

-15.6 

-13.65 

( 8 ) 



Fourchambault 






Fe, Ni 

36 % Ni (Invar' 

De Haen 

19.8 

520 


-13.86 

( 3 ) 

Fe, Mn 

92.2Fe + 7.8Mn 

Gumlich 

39 

530.0 

-14.8 

-19.70 

( l ) 

Fe, Mn 

S'* 

89.6Fe -f 10.4Mn 

Gumlich 

satd. 

530 0 

— 15.1 

-13.16 

(>) 

Co 

Electrolytic 

Merck 

34 

530.0 

— 14.7 

-20.58 

(*) 

Co 

Pure 

Kahlbaum 1 

22.1 

520 


-21.18 

( 3 ) 
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Key 

1 Substance 

39 

Co 

40 

Co, Sb 

• 41 

Co, Si 

42 

Co, Sn 

43 

Co, Cr 

44 

Co, Cr, Ni 

46 

Ni 

46 : 

NX 

47 

Ni 

48 

Ni 

49 

Ni 

60 

Mn,As 

51 

Mn, Sb 

62 

Mn,Bi 

53 

Mn, Sn 

54 

MnB 

66 

Mn, Cu, A1 


Table 1. — ( Continued ) 


Remarks 


* Not, saturated; H 


Unspecified 

88 C 0 + 12Sb 

98Co + 2SL 

93.2Co 4- 6 . 8 Sn 

87 Co + 13Cr * ’ ’ ’ ’ * ’ ' ’ ’ 

83Co -f 15Cr 4 - 2Ni ’ ’ 

Cast in N* 

Distilled on glass 

Pure 

Pure 

Unspecified 

42.5Mn 4 57. 5 As * 

35Mn 4 65Sb 

20.5Mn 4 79.5Bi 

05Mn 4 35Sn 

Manganese boride 

58.9Cu 4 26.5Mn 4 14.6A1 (Heusler alloy) 


14 to 16 kilogauaa. 
t Reflecting surface is parallel to face of octahedron. 

X Quenched. 

Table 2.— Dispersion of Rotation (r m ) at Saturation: Polar 

Reflection, Normal Incidence 

The key numbers refer to Table 1 where the material is more 
fully defined; II = intensity of magnetic field; satd. = saturated; 
unit of X = 1 rri/x = 10 _ * mm = 10 A; of r m = V . 

10 Fe, Ce| ( 9 ); 
unsaturated 

X 


1 Fe (1); 

H = 36.5C 

X 

Tm 

442.5 

-16.70 

457.4 

-17.40 

474.0 

-18.27 

492.5 

-19.32 

515.5 

-20.79 

531.5 

-22.54 

538.5 

-23.31 

546.1 

-23.73 

657.5 

-24.57 

571.6 

-25.34 

599.0 

-26.33 

628.0 

0 

-27.20 

650.0 

-27.65 

690.0 

-28.56 

2, 3, 4, 6 

, 6 Fe, see 

Table 3 

8Fe(i); 

H = 39.7 

435.0 

-14.66 

442.5 

-14.95 

457.4 

-15.55 

492.5 

-17.61 

515.5 

-19.15 

531.5 

-20.14 

538.5 

-20.55 

546.1 

-20.93 

546.1 

—20.59* 

571.5 

. -22.79 

590.1 

-25.13* 

599.0 

-24.33 

650.0 

-27.47 

690.0 

-29.75 


435 

466 

503 

530 

507 

015 

675 


f m 

5.09 

5.50 

5.97 

6.22 

6.41 

6.52 

6.60 


12.— (Cant’d) 


11 Magnetite (><>); 
satd. 


• Fe. see Table 3 


435 

- 2.91 

450 

- 2.53 

466 

- 2.17 

• 483 

- 1.10 

503 

+ 0.70 

530 

-f 2.69 

567 

+ 4.27 

589 

+ 4.54 

615 

-f 4.44 

675 

+ 3.53 

695 

4* 3.14 

712 

+ 2.76 

450 

- 1.89* 

600 

-f 3.83* 

12 Magnetite (®); 

H - 

18.88 

436 

- 4.40 

453 

- 3.67 

477 

- 1.56 

510 

4- 1.53 

539 

1 + 3.11 


X 

7* m 

589 

+ 4.80 

637 

4- 4.88 

688 

4* 4.54 

450 

- 1.10* 

600 

-f 2.25* 

18 Magnetite} ( 8 ); 

H - 

11.50 

436 

- 3.81 

453 

- 1.52 

464 

0.00 

477 

+ 1.06 

510 

4- 3.07 

539 

4- 3.84 

574 

4* 4.45 

599 

+ 3.94 

637 

4- 3 32 

688 

4- 2.50 

450 

- 2.00* 

600 

+ 3.20* 


see Table 3 


16 Magnetite (*); 
H = co. 10 

4 3 
4 1 

- 3 

- 4 


900 

1000 

1500 

2000 


I 


17 Fe a Oj.ZnO (1); 
H m 27.34 


442.5 
457 4 
474.0 

492.5 

015.5 

531.5 


- 1.40 

- 1.26 

- 1.09 

- 0.65 

0.00 

4 0.30 


Source 

H 


18.4 

Pr. Merrett 

satd. 

Pr. Merrett 

sa td. 

Pr. Merrett 

23 

Pr. Merrett 

satd. 


Tammann 
Merck 

Pr. Merrett 
Kahlbaum 

Hilpert 
Tammann 
Hilpert 
Tammann 
Hilpert 

$ At. % = Atom %. 


X 

588 
530.0 
530.0 
530.0 
530.0 

530.0 

590.0 
588 

530.0 
520 
588 

589(?)|| 

530 

530 

530 

589(?)|| 

588 



r m 

TGT 


—20.8 


16.2 

-18.72 

(>) 


— 15.7 


N Yellow light, X not 

7 May be aero. 

n.— (Coni' d) 

X 

Tm 

546.1 

4- 0.42 

557.5 

+ 0.78 

571.5 

4- 0.92 

599.0 

4- 0.98 

628.0 

4- 1.05 

650.0 

4- 1.12 

690 0 

4-1.19 

3 

18 FeiOi.ZnO ( 10 ); 

satd. 

450 

- 1.8 

466 

- 1.0 

483 

4- 0.6 

530 

4- 1.2 

567 

-f 0.8 

654 

- 0.3 


stated. 


22Fe,0,.Ca0 (10); 

satd. 


X 

r m 

435 

- 0.3 

475 

- 0.5 

503 

- 0.1 

530 

4 - 0.2 

567 

4- 0.1 

589 

- 0.2 

675 

- 0.5 

24 FejC ( 9 ); satd. 

435 

-30.28 

450 

-30.00 

466 

-29.42 

483 

-28.48 

503 

-27.13 

530 

-26.45 

567 

-26.40 

615 

-26.66 

675 

-27.01 


20 Fe,0,.CuO («); 
H = 10.15 


25, 26 Steel, see 
Table 3 


26 Steel (*);// = 5.7 


436 

-h 1.31 

477 

4- 1.75 

539 ’ I 

■f 1.28 

574 

4- 0.41 

599 

- 0.36 

637 

- 0.95 

. 688 

- 0.78 


21 FejOj.CoO ( 10 ) ; 

satd. 

450 - 2.0 

476 - 0.7 

603 - 0.4 

530 - 0.6 

589 -1.2 

615 - 1.5 

654 - 2.2 


600 

- 8.3 

700 

- 9.8 

800 

— 10.6 

900 

— 11.2 

1000 

-11.5 

1200 

-11.2 

1400 

— 10.4 

1600 

- 9.3 

1800 

- 8.4 

2000 

- 7.9 

2200 

- 7.4 

26* Steel («); 

. H “ 


800 

-15.5 

900 

-10.0 


-16.0 

1500 . 

-12.5 

ETuMI 


2600 1 

- 9.5 


27 FejSi 

X 

435 

450 

483 

530 

567 

615 

675 

703 


( ,0 ); satd. 
r m 

-13.18 
-14.22 
-15.58 
-16.75 
-17.27 
-17.65 
-17.91 
-18.05 


28 Fe,Co (10); satd 


435 

-22.11 

450 

-21.7 

460 

-21.7 

503 

-24.05 

530 

-26.85 

567 

-29.94 

615 

-31.69 

675 

-33.33 

695 

-33.89 


29 Fe, Co, Sb (>); 


H - 

32.94 

442.5 

-19.74 

457.4 

-20.33 

474.0 

-21.81 

492.5 

-23.24 

515.5 

-24.57 

531.5 

-25.65 

546.1 

-26.18 

557.6 

-26.81 

571.5 

-27.68 

599.0 

-29.43 

628.0 

-31.92 

650.0 

-32.30 

690.0 | 

-32.52 


KERR EFFECT 


437 


SO Fe, Nit (®); 1 

37. — {Cord'd) 

49. — (Cont'd) 

i 

H - 

14.4 

X 

T m 

X 

7* m 

X 

Tm 

599.0 

-22.96 

2000 

+ 1-7 

436 

-10.63 

650.0 

-23.68 

2500 

+ 2.4 


-12.75 

690.0 

-24.25 



589 

-14.32 



51 Mn. 

Sb (I 9 ); 

637 

-14.89 

38, 39 Co, see 

V ^ w w 

satd. 

688 

-14.74 

Table 3 

435 

-22.35 

31 Fe, Nit ( 8 ); 



466 

-23.02 

H = 

14.9 

39 Co MV 

483 

-23.21 

436 

-13.67 

H - 

ca. 10 

503 

-23.19 

453 

-13.88 

800 1 

-11.3 

530 

-20.46 

477 

-14.66 

900 

— 11.5 

567 

-17.36 

510 

-15.42 

1000 

-11.1 

615 

-17.86 

589 

637 

— 16.45 
-16.19 

1500 

- 9.0 

675 

-18.75 

688 

-16.25 

2000 

- 8.0 



i 

32 Fe,Ni ( l0 ); satd. 

2500 

- 7.5 

52 Mn, Bi ( 9 ); satd. 

435 

-17.56 



435 

- 1.65 

483 

-19.88 

45 Ni f 1 ); ! 

450 

- 1.00 

530 

-21.69 

H = 

31.40 

466 

- 0.16 

567 

-22.55 

442.5 

- 8.31 

483 

0.72 

615 

-20.30 

457.4 

- 8.09 

503 

4- 1.26 

675 

-19.33 

474.0 

- 7.80 

530 

+ 1.48 

703 

-20.00 

492.5 

- 7.52 

567 

4- 0.94 

33 Invar (*): 

515 . 5 

- 7.32 

615 

4- 0.045 

H = 

1 3 36 

531.5 

- 7.21 

675 

— 0 99 

Xi mm 

436 

1 u . OvJ 

-11.78 

538.5 

- 7.21 



477 

-12.48 

546.1 

- 7.21 

63 Mn, Sn ( 9 ); satd. 

539 

-13.22 

557.5 

- 7.196 

435 

- 2.24 

574 

-13.66 

571.5 

- 7.40 

466 

HU 

599 

-13.74 

599.0 

- 8.05 


- 1.18 

637 

| -13.72 

628.0 

- 7.75 


|H1 

688 

1 -13.54 

650.0 

- 8.076 

567 

BmI 

34 Invar, see Table 3 

690.0 

- 8.23 

IB 

- 4.26 

37 Co (M: 



675 

- 5.52 

H - 

- 35.91 

46, 48, 49 Ni, see 



442.5 

-23.60 

Table 3 

66 Heusler alloy, sec 

457.4 

-23.37 



Table 3 

492.5 

-22.80 

49 Ni (*); 

* Another specimen. 

515.5 

-22.45 

H = 

ca. 10 

f Not saturated. 

531.5 

-22.30 

800 

- 7.0 

X Another epecimcn 

538.5 

-22.30 

900 

- 5.0 

(»). 

6 Reflecting surface is 

546. 1 

-22.36 

1000 

- 4.0 

parallel to 

face of octa- 

671.5 

-22.59 

1500 

0.0 

hedron. 



Table 3. — Ellipticity Produced by Magnetization: Polar 
Reflection, Plane Polarized Light Incident Normally, 

Magnetic Saturation 

Magnetizing the reflector not only rotates the plane of polar- 
ization, but also adds a weak component of circularly polarized 
light, making the reflected light elliptically polarized. E is 
numerically equal to ratio of the axes of the resultant ellipse; if 
direction of rotation of the circularly polarized component is same 
ns that of the Amperian currents producing the magnetization, E 
is considered to be positive. The key numbers refer to Table 1 
where the material is more fully defined. H = intensity of 
magnetic field; r«, = rotation corresponding to saturation, unit =• 
E; e = 1000E; unit of X = 1 m^ = 10 -6 mm = 10 A; of // = 1 
kilogau8s. 


2 Fe (*3); If , 

= 13 

X 

TV 

e 

440 

- 9.6 

-0.06 

480 

-10.2 

-0.23 

520 

-11.4 

-0.42 

560 

— 11.4 

-0.45 

600 

-10.8 

-0.50 

660 

-10.8 

1 

o 

• 

o 


3 Fe ('3); // = 

13.2 


- 7.2 



- 7.2 

-2.34 


- 7.8 

-2.20 


- 7.2 

-2.12 

600 

- 6.6 

-2.16 

msm 

- 9.0 

-1.92 

680 

- 7.8 

-2.01 

4 Fe ( 2 ); // = 

20.5 

439 

-12.6 , 

-2 53 

471 

— 13.3 

-2.66 

505 

-14.3 

-2.85 

546 

-16.2 

-2.89 

588 

-18.1 

-2.87 

623 

-19.9 

-2.63 

656 

-20.9 

-2.47 

6 Fe (2); H = 

15.8 

439 

- 9.3 

-4.79 

471 


-4.78 

505 

-12.3 

-4.81 

546 

— 15.2 

-4.89 

588 

-17.9 

-4.78 

623 


-4.52 

656 

— 21.6 

-4.26 

6 Fe (3); // = 

22.9 

410 

-15.00 

-3.73 

440 

-15.18 

-3.88 

480 

-16.62 


520 

-19.74 

-4.56 

560 

-22.74 

-4.60 


-24.78 

-4.50 

640 

-26.58 

-4.06 

660 

-26.94 

-4.12 

9 Fe (3); H = 

20.4 

410 


-4.29 

440 

-15.6 

-4.58 

480 

-16.8 

-4.95 

520 

-19 2 

-5.27 

560 

-20 4 

-5.25 

600 

-25.2 

-5.02 

640 

-26.4 

-4.86 

660 

-28.2 

-4.65 

14 Magnetite ( 3 ); H = 16.4 

410 

- 4.26 

4-1.24 

440 

- 1.44 

4-1.71 

480 

-f 2.40 


520 

+ 3.42 


560 

+ 4.62 


600 

4- 3.54 

-1.61 

640 

4- 2.58 


660 

4- 1 98 


15 Magnetite* ( 2 ); H - 15.8 

439 

- 2.1 

4-1.19 

471 

4- 0.9 

4-111 

505 

4- 2.6 

4-0.37 

546 

4- 3.3 

-0.19 


15. — ( Continued 


X 

r m 

e 

588 

-+- 3.8 

-0.93 

623 

4- 3 4 

-1.52 

656 

4- 2.5 

-1.83 

25 Steel (2); // 

= 20 

439 

-15.9 


471 

— 17 1 

-4.13 

505 

-18.4 

-4.32 

546 

-20.5 

-4.33 

588 

-22.7 

— 4 16 

623 

-24 3 

-3 98 

656 

-25.7 

-3.80 

26 Steel f (3); U 

= 19.2 

410 

-16.20 

-3.59 

440 

-17.10 

-3.73 

480 

-18.78 

- 4.04 

520 

-20.88 

-4.21 

560 

-22.68 

-4.23 

600 

-24.30 

-4.03 

640 

-26.28 

-3.76 

660 

-26.70 

-3.77 

34 Invar ( 3 ); H 

= 19.8 


— 13.14 




— 1.15 

480 

-14.10 


520 

-13.86 

-0.44 

560 

-13.80 

-0.17 

600 

-13.32 


640 

-13.62 

4-0.14 

660 

-13.62 

4-0.23 

38 Co (3); H = 

22.1 

410 

-21.72 

-1.79 

440 

-21.78 

-1.68 

480 

-21.12 

-1.43 

520 

-21.18 

-1.33 

560 

-21.24 

-1.23 

600 

-21.48 

-1.20 

640 

-22.02 

-1.07 

660 

-22.08 

-1.08 

39 Co (2); H = 

18.4 

439 

-21.7 

-1.595 

471 

-21.2 

-1.334 

505 

-20.9 

-1.22a 

546 

-20.7 

-1.135 

588 

-20.8 


623 

-21.0 

-0.857 

656 

-21.4 

-0.697 

46 Ni (2); H = 

15.8 

439 

- 7.3 

-0.51 

471 

- 6.7 

-0.25 

505 

- 6.6 

-0.20 


- 6.4 

-0.15 

588 

- 6.5 

-0.05 

623 

- 6.8 

4-0.04 



4-0.12 

48 Ni (3); H = 

20.5 

410 

-10.86 

-0.97 

440 

- 8.82 

-0.65 

480 

- 7.74 

-0.35 

520 

- 7.74 

-0.17 

560 

- 8.28 

-0.07 

600 

- 8.64 

4-0.11 
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48. — ( Continued ) 


X 

640 

660 

T m 

- 8.22 

- 8.40 

e 

+0.23 

+0.24 

49 Ni (2); H = 

17.7 

439 

- 9.3 

-0.86 

471 

- 8.9 

-0.44 

505 

- 8.2 

-0.25 

546 

- 8.1 ’ 

-0.15 

588 

- 8.3 

-0.04 

623 

- 8.5 

+0.14 

656 

- 8.7 

+0.27 


66 Cu, Mn, A1 (2); H = 16.8 


X 

T m 

e 

439 

+ 0.05 

-0.66 

471 

- 1.0 

-0.64 

505 

- 1.5 

-0.64 

546 

l 

- 2.1 

-0.42 

588 

- 2.3 

-0.20 

623 

■ 

- 2.2 

-0.10 

656 

- 2.1 

0.00 


* Reflecting surface is parallel to 
face of octahedron, t Quenched. 


Table 4. — Polar Reflection, Plane Polarized Light, Oblique 

Incidence, Fe ( u ) 

Filtered sunlight, sensibly homogeneous. No statement regard- 
ing composition and source of Fe, nor of the values of X, //, and /. 
Probably the Fe was magnetically saturated, i = angle of 
incidence. *||(*il = rotation when plane of vibration (electric 
vector) of incident light is parallel [perpendicular] to plane of 
incidence. If the plane of vibration of the incident light makes a 
characteristic angle a, with the plane of incidence, the reflected 
light is plane polarized and its plane of vibration makes an angle 
otr with plane of incidence. Angles are positive when measured in 
the direction of the Amperian currents which produce the field. 
Unit of t = 1°; of *||, *j_, a, and <x r = 1'. 


• 

1 

-2/e„ | 

-2 R 

2a, 

2a r 

6.0 

33 

33 



15.5 

33 

32.4 



22.2 

33.5 

31.2 



36.4 

36 

30 



44.3 

45 

28.8 

-19.8 

+ 57.2 

56.9 

52.8 

24.6 

-10.2 

+57.1 

68.1 

51 

19.2 

+ 3.0 

+ 44.8 

76.6 

45 

12 

+ 7.2 

+ 36 

84.8 

15 

6 

+ 13.2 

+ 20. 

87.2 

6 

1.5 




' i* 

- 2R II 

-2*JL | 

a, | 

<*r 

40.9 

59.9 

38 

-46.8 

+ 114.6 

47.9 

60.2 

34 

-29.4 

+ 95.2 

54.9 

61.2 

29.6 

-16 

+ 80 

63.0 

60.9 

24.1 

- 1.2 

+ 61.9 

67.8 

59.2 

20.5 

+ 5.8 

+ 54.8 

72.8 

51.6 

16.3 

+ 11.2 

+ 47.4 

76.6 

38 

11.9 

+ 13.4 

+ 39.4 

82.6 

12 

5.2 

+ 17.6 

+ 29.2 


♦ H is greater than for data in above table. 

Table 5. — Longitudinal Reflection, Plane Polarized Light, 

Oblique Incidence 

7 is parallel to surface and to plane of incidence. No statement 
regarding composition and source of Fe, nor of the values of X, 77, 
and 7. Probably the Fe was magnetically saturated. For 
notation, see Table 4. Three specimens. 



Steel ( 7 ) 


Ni, Electrolytic Ni on steel ( 7 ) 

• 

1 

2*11 

2*± 

• 

1 

2*| 

2*i 

19.0 

+ 

2.7 

-4.8 

20.0 

0.0 


29.9 

+ 

7.3 

-4.5 

30.1 

+ 1.8 

-1.7 

39.5 

+ 

7.7 

-6.6 

40.0 

+ 1.4 

-2.7 

50.1 

+ 

6.9 

-7.7 

50.0 

+ 0.3 

-4.7 

61.3 

+ 

7.5 

-8.0 

61.5 

- 0.7 

-4.2 

65.0 

+ 

8.7 

-9.4 

65.3 

- 2.2 

-3.8 

70.0 

+ 

8.1 

-7.1 

75.0 

- 1.9 

-1.1 

75.0 

+ 

6.8 

-6.0 




80.3 

+ 

2.6 





82.0 

— 

2.3 

-4.3 




85.2 

— 

1.9 

-3.9 

. 




Table 6. — Transverse Reflection, Plane Polarized Light, 

Oblique Incidence ( 8 ) 

7 is parallel to surface and perpendicular to plane of incidence. 
When 7=0 , the intensity of that component of the reflected 
light which is polarized in plane of incidence is equal to that of the 
component polarized perpendicular thereto, if the plane of polar- 
ization of the incident light makes an angle 0 with the plane of 
incidence. When 7 is not zero, the equality occurs when the 
angle is 0 + 17 . i = angle of incidence. The key numbers refer 
to Table 1 where the material is more fully defined. Tabulated 
values = 2?;; unit of 77 = 1 '; of X = Iidm = 10”* mm = 10 A. 



Fe (12) 


Fe. — ( Continued ) 

• 

1 

2* n 

2*i 

• 

t 

2*|| 

2 R l 

11 

+ 2.3 

-2.5 




20 

+ 4 

-5 

60 

+ 11 

-9 

30 

+ 67 

-6.6 

65 

+ 8.7 

# 

35 

+ 7.6 


70 

+ 6.5 

-7.9 

40 

+ 8 

-6.7 

75 

+ 4.5 


45 

+ 9 


78.9 \ 

0 

-6.7 

50 

+ 10 

i -9 

80 

- 1 


65 

i +10.5 

1 ! 

85 

- 3 

-3 


X 

590 

730 

910 

1 x 

1210 

1650 

2100 

• 

1 

26 Fe or steel 

in 

26 Fe or steel 

18.6 

+ 3. 

77 





19.8 

1 + 3.0 



19. 

6 



+ 3 

.9 

,+ 43 

41.9 

» + 3.9 

EXXj 


40. 

9 

+ 9.42* 

;+ 9 

+ 11 

.0 

66.8 

i + 5 . 6 1 


9V1 

66. 

8 

+ 17.80t,+16 

+ 14.2 

70 



HHl 

74. 

6 

+ 17. 

11 

+ 15.7 % 

+ 12.0| 

74.5 

1 



79. 

9 

+ 9. 

87 

+ 5 

.2 ; 

+ 1 

.5 

75.0 

1 + 4.0 

- 4.0 


80.0 , 



+ 5.6t; 

+ 2 

.5 

80.0 


- 6.4 

-11 

83. 

4 

+ 4.88 



- 5 

.0 

83.5 


-16.0 

-17.1 

86. 

4 

+ 1. 

00 

- 3 

.0 

- 6 

.2 

85 

- 9.6 



87. 

3 



- 2 

.3 



86.8 

-12.9 


-16.85 

88.. 

3 



- 2 

.5 

- 5.0 

88.3 

- 7.5||j 

-13.8 

-16.2 

X 

590 

740 

930 


X 

1240 

EEI 

2130 

• 

l 

39 Co 

• 

1 

39 Co 

18.0 

1 


I +1-3 

I +1.1 

18.0 




18.6 

+ 1.60 





29.8 

+ 0.8 



40.8 

+3.98 





41.8 

+ 1.5 

+ 12 


41.8 



+4.0 

+3.0 

56.8 

+ 1.8 



56.8 



+5.6 

+4.7 

66.9 


+ 1.5 


66.9 

+7.30 





72.5 

+ 1.6 



74.6 

+6.56 





75 

+ 0.7 


+ 1.6 

75 



+ 5.7 

+4.3 

77.5 

- 0.9 

/ 


83.4 

- 

-1.00 





80 

- 3.9 

r 


83.5 



— 

1.7 

— 1 

6.2 j 

83.5 


- 9.2 

- 5.8 

85 





-8.6 

85 

-12.5 

-13.4 


86.4 

- 

-2.07 




1 1 

86.5 



-14.5 

86.5 



— . 

3.5 

— ' 

7.8 

88 

- 8.9 

1 

_ A 


* 1 is 0.1° < tabulated. 
5 * is 0.6° > tabulated. 


t* is 0.1° > tabulated. t » i* 
|| i is 0.3° < tabulated. 


0.2° > tabulated. 


X 

590 

1 x 

740 

• 

l 

49 Ni || i 

40.8 

+ 1.24 

20 

-0.3 

66.9 

+0.70 

60.5 

-0.9 

79.9 

— 1.41 

67 

-1.0 

83.4 

-2.09 

74.8 

-2.7 



1240 

49 Ni 

-0.7 

-3.6 

—6.4 

-6.9 


- 1.2 

-3.1 

-3.9 

- 6.6 
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Table 6. — ( Continued ) 



LITERATURE 

(For a key to tbe [>triodicaIs wee end of volume) 

(l) Barker, C7, 29:1; 26. (*) Diiewulski. 63, 13 : 642; 1 2. (*) Foote. 2. U : 96 : 

12. ( 4 ) IngexHoll, 3, 11: 41; 00. (°) Ingersoll, 3, 18: 74; 00. (*)Inger8oll, 

2, 35:312; 1 2. (») Kuodt, 3, 23 : 228; 84. ( *) Loria. 3, 88 : 880; 12. (•) 

Martin, 3, 39: 025; 12. 

(* 0) Martin, 8, 66: 561. 18. (") Righi, 6, 9. 65; 86. C 2 ; Righi. 0, 10: 200: 

87. (» 3 ) Skinner and Tool. 3, 16: 633. 06. 


MAGNETOSTRICTION AND ALLIED EFFECTS 

S. R. Williams 


Magnetostriction comprises that group of magnetic phenomena 
in which the application of a magnetic field is accompanied by 
changes in dimensions of the body’, and those reciprocal relations 
in which the application of a stress is accompanied by changes in 
magnetic properties. The names of the various phenomena, and 
the more important or interesting papers treating of them, arc as 
follows: 

Length Effects 

Joule effect — change in length due to a magnetic field ( 3 * 4 * 7 * g * 

13, 20 , 24 , 27, 35, 36, 39, 46, 59, 62). 

Villari effect — change in magnetization due to a longitudinal 
8tress (15, 26, 32, 52, 54, 60). 

Transverse Joule effect — change in dimensions normal to mag- 
netic field ( 9 , 20, 27, 59). 

Transverse Villari effect — change in magnetic properties normal 
to stress. 

Wertheim effect — bending due to a magnetic field ( 17 » 34 » 55 )• 
Converse of Wertheim effect — magnetic properties changed by 

bending. 

Change in Young’s modulus due to a magnetic field ( ,2 » 25 > 47 > 

48 , 49 ). 

Circular Effects 

Wiedemann effect — twist due to interaction of longitudinal and 
Circular fields ( 6 » 16, 29, 39, 43, 56, 58) 

Wiedemann effect, No. 2 — longitudinal magnetization produced 
by twisting circularly magnetized rod ( 39 > 56 ). 

Wiedemann effect, No. 3 — circular magnetic field produced by 
twisting longitudinally magnetized rod ( 37 » 39 » 56). 

Coefficient of rigidity changed by magnetization ( 1 2 » 25 i 47 » 48 > 

49 ). 

Mechanically twisted rods twisted by a circular or longitudinal 
magnetic field. 


volume umecis 


Barrett effect — volume change due to magnetization ( 4 > 

38) 


11 


Nagaoka and Honda effect — changes in magnetic properties due 
to hydrostatic pressure. 

Change in bulk modulus due to a magnetic field ( 12 » 25 , 47 » 48 i 

49 ). 

Allied Effects 

Change in electrical resistance due to a magnetic field ( ,9 » 31 * 
40, 42, 57) j see p. 414. 

Change in thermoelectric emf’s due to a magnetic field fb 45 , 50, 
51 ); see p. 213. 

Emf due to magnetization ( 1 °» 1 4 * 41 > 44 ). 

Change in frequency of a tuning fork when subjected to a mag- 
netic field ( 28 > 33 ). 

Sounds produced by magnetization ( 2 > 3 » 22 » 53 » 61 » 63 ). 

The Joule and the Villari are the fundamental magnetostrictive 
effects, the others being merely special cases of them or of the 
superposition of two or more of them. The changes in the elastic 
moduli are to be regarded as the result of the changes in dimension 

which result from the Joule effects 

Owing to the many factors which affect magnetostrictive 
phenomena— heat treatment, stress, hardness, impurities, previous 
magnetic history, etc., which factors are unknown in most of the 
work which has been done— it is extremely difficult to estimate the 
accuracy of the data. Those given in the following tables were 
selected as illustrative, rather than as exact numerical data 
applicable to definite materials; and the materials represented are 
those which will probably be most frequently needed for com- 
parative studies. Much additional information will be found in 

the papers already listed. 

In careful work, the Joule effect can be determined with an 
accuracy of 4% to 5% for iron, and with a somewhat lower accu- 
racy (4 % to 6 %) for other materials; the Wiedemann effect can be 
observed to a higher precision; the Barrett effect is extremely 
difficult to measure; 10% is a fair average of probable error. 

If at the center of a bar the magnetic field is H-N I , where H 
is the applied field and I is the intensity of magnetization of the 
bar, N is called the demagnetizing factor. Most data are expressed 
in terms of H-NI; exceptions are suitably indicated. 
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Table 1.— Longitudinal Joule Effect 


Pabular values = J; 4 X 10 * = (/ - U)/U’, l , U = length of specimen in field = H , field = 0. Unit of H ~ 1 cgsm » l gauss; of one 

constituent (C, Ni, or Co) of alloy = 1 %; t = centigrade temperature 



Fe, Ni, Iron-nickel alloys (*•) NI , Nickel* ( >4 ) 


// 


0 

9.2 

18.5 

29.1 ' 

36.9 

50 

70 

73.8 

83 

92.3 


-186 

17.2 

197 

376 


50 

2.63 

2.14 

1.86 

2.54 


12.20 

7.23 

3.00 

- 5.75 

-10.75 

50 

- 6.75 


- 7.43 

i -0.19 


100 

2.82 

4.17 

3.72 

3.68 


16.40 


3.30 

- 6.38 

-17.30 

100 

-15.53 


-13.85 

i -0.49 


150 

2.28 

5.83 

5.56 

4.29 1 

17.30 

18.00 

9.82 

3.43 

- 6.65 

-20.10 

150 



-16.92 



200 

1.64 

7.18 

7.02 

4.79 

18.13 

18.95 

10.26 

3.53 

- 6.81 

-22.05 

200 

H 9 E 

-29.70 

-18.33 

-0.55 


250 

0.96 

8.32 

8.17 

5.20 

18.67 

19.58 

10.61 

3.83 

- 6.92 

-23.20 

300 

-27.20 

-33.10 

-19.52 

-0.55 


300 

0.35 

9 . 33 

9. 15 

5.72 

19.10 

19.96 

10.90 

3.72 

- 6.98 

- 23.57 

400 

-29.75 

-34.70 

-20.10 

-0.54 


350 

- 0.18 

10.23 

10.03 

6. 17 

19.45 

20.30 

11.13 

3.78 

- 7.00 

- 23.75 

500 

-32.00 

-35.45 


QjJTl 



-003 

11.02 

10.80 

6.63 

19.80 

20 . 63 

11.29 

3.83 

- 7.02 

- 23.92 

600 

- 33.80 

-86:03 




450 

- 1.00 

11.74 

11.50 

7.08 

20.10 

20.95 

11.42 

3.88 

- 7.04 

- 24.10 

700 

-35.27 

-36.50 




500 

- 1.31 

12.41 

12.12 

7.53 

20.35 

21.26 

11.52 

3.91 

- 7.05 

- 24.27 

800 

- 36.44 

-36.82 

BjTJJjj 



550 

- 1.57 

13.45 

12.71 

7.98 

20.60 

21.58 

11.60 

3.95 

EZ23 

- 24.45 

900 

- 37.30 

-37.10 



Fe, Co, Iron-cobalt alloys (**) 

| Cu, Mn, 

Al , Heualer alloys t (*•) 


H 


0 

10 

20 

30 

40 

50 

70 

80 

90 

100 

H 

I 

II 

III 

IV 


50 

1 2.97 

10.45 

13.85 

21.40 

28 . 7 C 

17.00 

20.70 


- 5.40 

- 2.55 

50 

0.990 

0.184 

0.700 

0.646 


100 


13.30 

17.16 

27.10 

37.00 

27.00 

34.60 


- 6.58 

- 4.60 

100 

1.270 

0.223 

1.030 

0.784 


150 

2.62 

14.55 

19.00 

29.56 

40.40 

33.90 

43.55 


- 6.65 

- 6.07 

150 

1.405 

0.249 

1.137 

0.867 


200 

2.00 

15.33 

20.06 

30.75 

42.23 

39.00 

49.72 


- 6.50 

- 6.96 

200 

1.505 

0.263 

1.169 

0.929 


250 

1.20 

15.84 

20.60 

31.21 

43.60 

43.10 

54.30 

1.44 

- 6.22 

- 7.64 

250 

1.577 

0.266 

1.191 

0.964 


300 

0.30 

16.10 

20.87 

31.36 

44.47 

46.20 

57.35 

0-06 

- 5.87 

- 8.16 

300 

1.627 

0.269 

1.213 

0.981 


350 

- 0.46 

16.20 

20.95 

31.44 

44.99 

45.37 

48.50 

59.67 

- 1.26 

- 5.52 

- 8.60 

350 

1.665 

0.272 

1.234 

0.989 


400 

- 1.07 

16.16 

20.92 

31.49 

50.25 

61.40 

- 2.25 

- 5.13 

- 9.03 

400 

1.692 

0.275 

1.255 

0.997 


450 

- 1.56 

16.06 

20.82 

31.49 

45.62 

51.62 

62.78 

- 3.20 

- 4.70 

- 9.45 

450 

1.710 

0.278 

1.274 

1.040 


500 

- 1.98 

15.91 

20.69 

31.49 

45.80 

52.80 

63 . 83 

- 4.10 

- 4.25 

- 9.83 

500 

1.723 

0.280 

1.294 

1.011 


550 

- 2.32 

15.78 

20.58 

3 1 . 50 

46.00 

53.85 

64.67 

- 4.96 

- 3.78 

- 10.21 

550 

1.734 

0.283 

1.313 

1.016 


* Demagmctiiing factor ■» 0.0801, not corrected for; H = applied field. 

t I - 64.49Cu, 20.39Mn, 13.25A1; II - 70.14Cu, I8.03Mn, 10.03A1; III -59.43Cu, 22.60Mn, 14.50A1; IV - 65.22Cu, 19.76Mn, 11.I3A1. 


Table 2. — Joule Effect: Magnetite Crystal ( 20 ) 


At, At, A i =* value of A along the digonal, trigonal, tetragonal 
axis. A X 10" 8 = (l - U)/U] l, h = length in field = H, in 
field = 0. Unit of H - 1 cgsm = 1 gauss. 


H 

Longitudinal 

Transverse 

At 

At 

Ai 

At 

At 

A 4 

900 

4.04 


-0.54 

- 7.60 

- 2.60 

0.76 

1000 

5.10 

Wm 

-0.63 

- 9.75 

- 3 50 

0.91 

1500 

10.09 

4.46 

-1.18 

-18.50 

- 8.10 

1.67 

2000 

14.35 

6.37 

-1.82 

-25.25 

-12.40 

2.42 

2500 

17.85 

8.04 

-2.47 

- 30 . 55 

-16.33 

3.07 

3000 

20.93 

9.40 

-3.03 

-35.10 

-19.60 

3.57 

3500 

23.80 

10.48 

-3.50 

-38.70 

-22.13 

3.94 

4000 

26.57 

11.34 

-3.85 

-41.33 

-24 04 

4.20 

4500 

29.20 

12.04 

-4.08 

-43.20 

-25.77 

4.35 


able 3. — Change in Young’s Modulus with Magnetic Field 

E, E 0 = Young’s modulus in field = H, field — 0; F *■ tension 
specimen; A F = increase of F in determination of E, (E 
o)/Eo = 0.01 A. Tabular values * A. Unit of F *■ lkg/cm ,3B 
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Table 4. — Wiedemann Effect (< p ) 

The circular field is in all cases produced by the current J 
flowing along the geometrical axis of the specimen, which is a 
circular cylinder, bar or tube. H = longitudinal field which 
produces the twist Looking in direction of H, the positive 
direction of is that of the circular field produced by J. Tabular 
values = v- Unit, of H = 1 cgsm = 1 gauss; J = 0.1 cgsm = 
1 ampere; = 1" per cm of length. 


Fe, C, Low carbon steel: tubes ( 58 ) 


H 

0.52 

1.00 

1.50 

1.50 

2.00 

10 

0.301 

0.702 

1.253 

0.251 

0.377 

20 

1.332 

2.682 

4.436 

1.255 

1.757 

30 

1.805 

3.561 

5.226 

1.962 

2.610 

40 

1.499 

2.924 

4.493 

1.862 

2.534 

50 

1.223 

2.387 

3.684 

1.606 

2.133 

60 ' 

0.978 

1.959 

2.964 

1.330 

1.752 

70 

0.771 

1.583 

2.362 

1.104 

1.418 

80 

0.616 

1.285 

1.917 

0.916 

1.129 

90 

0.499 

1.063 

1.575 

0.763 

0.898 

100 

0.405 

0.877 

1.296 

0.627 

0.713 

150 

0.065 

0.277 

0.382 

0.070 

0.109 

200 

-0.095 

-0.018 

+0.012 

-0.100 

-0.031 

260 

-0.160 

-0.150 

-0.217 

-O.IO9I 

-0.105 


d 0 * = 

= 0.1600 

cm 

0.2447 cm 


di * = 

= 0 . 0794 

cm 

0.0970 cm 


= 79.8 cm 

79.7 cm 


• do, di = outer, inner diameter of tube, l - free length of tube. 

Table 5. — Naqaoka-Honda Effect (>2) 

B, B 0 — Magnetic induction in specimen in field H when 
pressure = P, pressure = 0; A = (B - B 0 )/BP. Unit of A = 
10 -6 cm J /kg = 1.0197 X 10-i'barye" 1 = 7.0307 X 10~ 7 in.*/lb. = 
1.0332 X lO-^A^ 1 ; of H = 1 cgsm = 1 gauss; of P = 1 kg/cm* = 
980 665 barye = 14.22 lb. /in. 1 = 0.9678A*. 


Fe, C, Iron;* H = 1.30 


Fe, Ironjf P = 7 510 


P 

A 

P 

A 

H 

A \ 

H 

A 

1 010 

-2.13 

7 590 

-1.90 

0.27 

-2.27 

1.35 

-5.38 

1 930 

-2.10 

8 490 

-1.95 

0.38 

-3.31 

1.62 

-4.72 

3 470 

-2.01 

9 570, 

-1.94 

0.54 

-3.67 

1.89 

-3.86 

4 370 

-1.91 

10 320 

-1.95 

0.76 

-4.45 

2.16 

-3.14 

5 360 

-1.94 

11 290 

— 1.94 

0.97 

-5.15 

2.70 

-2.27 

6 460 

-1.94 


• 

1.08 

-5.51 

3.79J 

-1.43 


* Carbonized, 
t Pure iron. 

X For H - 4.87, A ■= -0.99. 


Table 6. — Demagnetization of Rods by Impact and by Torsion 

</>(d>'] = total magnetic flux across given section of rod before 
[after] impact or torsion; x = distance of section from end struck, 
or from clamped end; 0 = twist per unit length; D = (<t> - 
Unit of 4> = 1 cgsm = 1 maxwell; x = 1 cm; 0 = 1' per cm; D = 
1 %. 

Tool steel ( 5 ); single impact at z = 0; total length = 110 cm 


Fe, Iron bar (23) j 

Ni, Nickel 

bar (23) 

\ J 
" \ 

3.12 

5.26 

8.86 

J 

H 

2.00 

4.37 

6.55 

25 

0.057 

0.080 

0.186 

25 

-0.288 

-0.888 

-1.243 

50 

0.235 

0.408 

0.706 

50 

-0.302 

-1.052 

-1.421 

75 

0.435 

0.648 

0.954 

75 

-0.217 

-0.879 

-1.221 

100 

0.466 

0.688 

0.941 

100 

-0.164 

-0.733 

-1.021 

150 

0.364 

0.515 

0.733 

150 

-0.089 

-0.506 

-0.755 

200 

0.280 

0.377 

0 533 


-0.058 

-0.371 

-0.577 

300 

0.155 

0.222 

0 . 302 


-0.026 

-0.222 

-0.386 

400 

0.106 

0.151 

0.186 

400 

-0.022 

-0.164 

-0.293 

500 

0.071 

0.071 

0.120 

500 

-0.018 

-0.133 

-0.244 

600 

0.044 

0.062 

0.084 

600 

-0.016 

-0.106 

-0.200 

700 

0.022 

0.044 

0.062 

700 

-0.013 

-0.075 

-0.146 


X 

0 

D 

l| * 

1 4* 

1 D 

mm 


1 D 

2 

1296 

11.0 

29 

7266 

12.4 

89 

6301 

10 6 

6 

2572 

12.9 

35 

7831 

12.0 

95 

5282 

10.5 

8 

3349 

14.2 

44 

8355 

11.6 

! 98 

4666 

10.5 

11 

4159 

14.1 

56 

8559 

11.5 

101 

3960 

10.4 

14 

4864 

13 9 

68 

8260 

11.3 

104 

3122 

10.2 

17 

5484 

13.6 

77 

7675 

10.9 

107 

2189 

9 6 

23 

6497 

13.0 

83 

7082 

10.7 

110 

1089 

8.2 


Norway iron ( 5 ); uniform torsion 
30 < x < 80, D is independent of x, 
the ends, D may differ from D c by 
central section = 1500 maxwell. 


; total length 110 cm. For 
and = D c ; for points nearer 
12% of D e . Value of <t> at 


0 . . 
D e 


0.818 

1.96 

2 84 

4.42 

21.6 

43.2 

55.7 

68.2 


6.16 
77.6 
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Potential Gradient . — See Tables 1, 2 and Figs. 1, 2, 3, 4. The 
values are supposed to represent the gradient as it would be if 
the effective surface of the earth were a true plane. The main 
sources of error lie in (a) an uncertainty of the correction for the 
non-plafiar form of the effective surface of the earth, and ( b ) errors 
cue to leakage from the collector system ( 4 ). No precise limits 
of accuracy can be given without a precise study of each individual 
case, which is impracticable. As a result of the first (a) source of 
error, determinations on land have occasionally been unexpectedly 
found in error by as much as 50%. The importance of the second 
(b) source of error depends upon the speed of the collector; in a 
typical case in which it required one minute to obtain a reading 
within 1% of its final value, the error due to leakage resulting 
from atmospheric conductivity alone amounted to 1%. 

From an analysis of the diurnal variation over the ocean, 
Mauchly ( 22 ) ha§ concluded that this variation is primarily due to 
a 24 hour wave which progresses according to universal, rather 
than local, time; he finds the same 24 hour wave from land obser- 
vations, but for these it is not so large a part of the entire effect. 

Table 1. — Potential Gradient: Land Values 

For ocean values, see Table 2. Mean values over the interval 
indicated: Long. = longitude east of Greenwich, Pot. Grad. = 
potential gradient, potential increasing upwards. (See also 
Figs. 1 to 4.) Unit of Pot. Grad. = 1 volt/meter = 3.33e X 10' * 
cgse unit per cm. 


Place 

Lat. 

Long. 

Inter- 

val 

Pot. 

Grad. 

Lit. 

Karasjok 

69.3° 

N. 

25.6° 

lyr 

139 

(«) 

Upsala 

59.9 

N. 

15.2 

2 

70 

( 24 ) 

Moscow 

55.7 

N. 

37.6 


112 

( 18 ) 

Potsdam 

52.4 

N. 

13.1 

4 

245 

(*) 

Kew 

51.5 

N. 

359.7 

15 

304 

O') 

Seeham 

48.0 

N. 

13.1 

12 

84 

( 29 ) 

Kremsmiinster 

48.0 

N. 

14 1 

10 

107 

(«) 

Munich 

48.1 

N. 

11.6 

5 

168 

C) 

Davos 

46.8 

N. 

9.8 

2 

64 

(») 

Trieste 

45.6 

N. 

13.8 

2 

73 

(«) 

Perpignan 

42.7 

N. 

357.1 

2 

55 

( 30 ) 

Tortosa 

40.8 

N. 

0.5 

7 

114 

(«) 

Buenos Aires 

34.6 

S. 

301.6 

1 

126 

(*) 

Petermann I 

65.2 

s. 

295.8 

1 

176 

(««) 


Table 2. — Potential Gradient, Ionic Content and Conduc- 
tivity of the Atmosphere, and Air-Earth Current 

Density: Ocean Values 


For land values, see Table 1, potential gradient; Table 3, 
ionic content; Table 4, conductivity and current density. Com- 


piled from ( 4 » 4>1 ); data are averages for the region, and are based 
on observations distributed over one or two weeks and taken near 
10 a. m. local mean time. Long. =* longitude east of Greenwich; 
Pot. Grad. = potential gradient, potential increasing upwards; 
n + [n_] = number of -f- [ — ] ions per cm* of air; X+[X_] = con- 
ductivity due to + [— J.ions; i = current density of positive cur- 
rent from air to earth, t = (X + -f X.) X potential gradient. 
Dates are written thus: 3:20:15 *= March 20, i915. Unit of Pot. 
Grad. = 1 volt/meter = 3.33e X 10”* cgse unit (per cm); of 
X+ and X_ = 10" 4 cgse unit; of i = 10” 7 cgse unit (per cm 1 ). 


Region 

Mean 

Pot. 

n+ + n_ 


H 

x+ + x. 

h 

Lat. 

Long. 

date 

Grad.* 

2 

n_ 

X_ 

°N. 

12-31 

°E. 

283-293 

12:18:15 

117 

490 

1.03 

1.70 

1.18 

2- 8 

260-280 

4:21:15 

126 

760 

1.20 

2.75 

1.18 

8-16 

233-258 

5: 5:15 

115 

860 

1.05 

2.90 

1.24 

17-21 

204-230 

5:16:15 

109 

920 

0.93 

3.28 

1.05 

22-36 

190-201 

4: 7:15 

112 

690 

1.16 

2.57 

1.45 

37-52 

190-196 

4:15:15 

129 

730 

1.27 

2.54 

1.13 

56-59 

175-193 

8:11:15 

155 

790 

1.26 

2.62 

1.15, 

32-54 

163-173 

8:24:15 

144 

610 

1.41 

2.35 

1.33 

14-30 

165-171 

9: 8:15 

115 

880 

1.16 

3.19 

1.22 

2-14 

162-166 

9:23:15 

102 

820 

1.19 

3.18 

1.18 

1-19 

158-163 

10: 8:15 

115 

670 

1.19 

2.66 

1.13 

22-47 

155-173 

10:24:15 

104 

850 

1.19 

2.76 

1.14 

°S. 

46-56 

°E. 

175-198 

12:11:15 

109 

840 

1.28 

2.63 

1.25 

59-60 

209-271 

12:24:15 

145 

660 

1.30 

2.50 

1.34 

54-59 

280-327 

1: 8:16 

165 

690 

1.25 

2.54 

1.25 

52-54 

349-42 f 

1:26:16 

114 

630 

1.15 

2.10 

1.23 

36-52 

47-93 

2: 8:16 

110 

810 

1.15 

2.71 

1.22 

34-54 

95-108 

2:22:16 

118 

750 

1.18 

2.89 

1.191 

41-59 

110-133 

3: 8:16 

138 

820 

1.26 

3.02 

12 *| 

45-57 

135-173 

3:26:16 

122 

870 

1.18 

2.83 

1 . 14 1 


5.8 

11.1 

10.4 

12.1 

9.3 

10.4 


12.0 
10.7 
10.3 
9.5 


7.9 

9.8 


* Deduced from observed change in potential of a conductor that is moved in 
the earth’s field ( 4 ). 

f Taken, of oourse, over the leaser portion of the small circle. 


Ionic Content. — The numbers n+ and n of positive and of 
negative ions per cm 1 , are derived from (n+ 4- n~)/2 and n +/ n - 
(Table 3). As the atmospheric potential gradient tends to 
decrease the rate at which negative ions enter the measuring 
instrument, the values of n_ are apt to be too low. The sue 0 
this error depends upon instrumental details and* the enec o 

surrounding objects, and may exceed 20% ( 2l » ’ ' 

With the Ebert aspiration apparatus, the ions measured are mostly 
the so-called “small” ions, which, in laboratory experiments, 
have mobilities of 1.3 cm/sec per volt/cm for the 4-ions and 1 
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for the —ions. In addition to these, so-called “large” ions of 
mobility about 1/3000 cm /sec per volt/cm, and “intermediate” 
ions of mobility of the order 0.01 are to be found in the atmos- 
phere. The numbers of these larger ions vary very widely. 
Representative ratios of large to small ions are: In Paris 60 
(Langevin), in Swiss Alps and in Freiburg 2 to 3 (Gockel), in 
Dublin 200 (McClelland and Kennedy). 

As determined on the fourth cruise of the Carnegie, the mobili- 
ties of the small ions over the Pacific and the sub- Antarctic Oceans 
averaged 1.3 cm /sec per volt/sec for both + and — ions. The 
large abnormalities in the mobilities of atmospheric “small” 
ions reported by some observers are probably attributable largely 
to experimental errors inherent in the methods used, the customary 
method with the Ebert apparatus leading in a large percentage of 
cases of observatory data to even a negative value of the mobility. 

Table 3. — Ionic Content of Atmosphere: Land Values 

For ocean values, see Table 2. These values have been reduced 
on the assumption that e = 4.8 X lO'^es unit; most of them were 
obtained with Ebert’s aspiration apparatus ( 18 » 36 ). Values of 
n+/n_ are apt to be too high, and of n_ too low. Dates are written 
thus: 8 : 19, 20; 06 = August 19, 20, 1905. Long. = longitude 
east of Greenwich. Unit of n + and n_ = 1 ion per cm.* 


Place 

Lat. 

Long. 

Period 

n+ 4- n_ 

Eg 

Lit. 

2 

K&rasjok 

69.3° 

N. 

25.6 

1 yr 

750 

1.17 

(*') 

Kew 

51.5 

N. 

359.7 

11 to 14 

330 

1.40 

( 45 , 

Freiburg 

50.9 

N. 

16.3 

04 to 05 

624 

1.36 

(»*) 

Munich 

48.1 

N. 

11.6 

8 : 19, 20; 05 

994 

1.24 

(10) 

Aiblinj[ •••••••••■•« 

47.9 

N. 

12.0 

05, summer 


1.25 

(•) 

Aibling 

47.9 

N. 

12.0 

05, winter 

913 

1.19 

(•) 

Jachenau 

47.6 

N. 

11.4 

8 : 05 

915 

2.10 

(10) 

Barcelona* 

41.4 

N. 

2.2 

1 day 

541 

1.30 

(10, 

Seewalchen 


N. 


8 : 6 to 9: 20; 04 

802 

1.18 

(* 7 ) 

Boliviaf 


S. 


6: to 9: 09 

1980 

1.08 

(••) 

Buenoe Aires 

34.0 

S. 

301.6 

6: 11 to 4 : 1* 

1980 

1.04 

( 5 ) 


* Barcelona harbor, 
t In high Cordillera*. 



Fio. 4. — Variation of potential gradient with altitude (*°). 

Mean of results of various observers, each set reduced to correspond 
to 25 volt per meter at an altitude of 1500 meter. 


Conductivity of Atmosphere. — (Tables 2 and 4.) The conduc- 
tivity (A+ A_) of the atmosphere is the sum of the conduc- 

tivities due to the presence of the -f and of the — ions. For 
methods, see ( ,8 ). Values of (A+ + X_) obtained by the Gerdien 
apparatus are apt to be too low, owing to neglect of effect of rod 
supporting the central cylinder. This error may amount to 10% 
or 15% (**). In the ocean data recorded in Table 2, the measure- 
ments were taken in such a maimer as to avoid this error. For 


land observations, the measured value of \+ is apt to be too high 
on account of the collection on the apparatus Of radioactive 
material from the atmosphere. This error may amount to 5%. 

Values obtained by Schering’s method, which involves measure- 
ment of rate of flow of charge from a body (usually a long wire) 
exposed to the free air, are apt to be too low on account of effect 
of earth’s electric field ( 34 ), unless that field near the apparatus is 
very small, as seems to be the case at Potsdam. When this effect 
is neglected the values obtained are 20% to 30% lower than those 
obtained with the Gerdien apparatus. 

Table 4. — Conductivity of Atmosphere, and Air-Earth 

Current Density: Land Values 

For ocean values, see Table 2; for values at high altitude, see 
Table 5. Long. = longitude east of Greenwich; A+, A_ = conduc- 
tivity due to -j-ions, —ions; i = current density of positive current 
from air to earth, t = (X + -f- A_) X potential gradient. Dates are 
written thus: 5: 09-4: 10 = May, 1909 to April, 1910; 4* 1—17; 
06 = April 1 to 17, 1906. Unit of A+ and X_ = 10“ 4 cgse unit; 
of i = 10“ 7 cgse unit. 


Place 

Lat. 

Long. 

| Period 

x + + x_ 

X+/X- 

f 

1 Lit. 

Greenland* 

73.0° 

N. 


07 to 08 

5.53 

1.28 

12.6 

(•)! 

Edinburgh! 

56.0 

N. 

356.9 

5-6: 09 

0.72 


8.4 

(•) 

Peebles! 

55.7 

N. 

356.8 

9: 0 0-10: 07 

2.16 


13.4 

<«) 

Potsdam § 

52.4 

N. 

13.1 

5 : 00-4: 10 

0.95 

1.16 

7.1 

C 17 ) 

Gottingen* 

51.5 

N. 

9.9 

4: 1-17; 05 

2.22 

na 

8 

0 1 ) 

Munich! 

48.1 

N. 

11.6 

1-18: 09 

0.98 


6.1 

(“) 

Seeham§ 

48.0 

N. 

346.9 

08-20 

2.64 

1.02 

6.9 

(”> 

Davos 5 

46.8 

N. 

9.8 

1 year 

2 68 

1.13 

5.2 

(•) 

Simla! 

31.2 

N. 

77.8 

11:09 

11.6 


BE 

w 

Samoa* 

13.8 

S. 

188.2 

6: 07-5: 08 

4.5 

1.04 

EC 

(*) 

Buenoe Aires*.. . 

34.6 

S. 

301.6 

4. 6: 12 

1.32 

1.02 

5.7 

(»> 

Petermann I*. . . 

65.2 

s. 

295.8 

9 months 

4.16 

1.62 

22.6 

m 


* By Gerdien'a conductivity apparatus; values may be too low by 10 % or 


15 %, $ee text. 

t By C. T. R. Wilson’s method. Values of (X + -f X_) 
observed X; i — 2X<> X potential gradient. 

J Vol. Ill, p. 123 (*); observed by Wegener. 

5 By Schering's method; values may be too low, tee text. 


- 2Xo, X* - directly 


Table 5. — Conductivity of Atmosphere at High Altitudes 

( 41 ) 

Results of 4 ascensions; in each, data are reduced to correspond 
with (A* -f A_) = (1 to 1.5) X 10" 4 cgse unit at earth’s surface. 
Altitude = maximum altitude, tabulated values of (A+ + *-) 


Unit 


Ascension 

1 

2 

3 

4 

( X . “f* X 

16.5 

18.8 

23.2 

37.3 

Altitude 

5300 

5385 

8345 

8865 


10“ 4 cgse 
meter 


lj am. jl lit: tu/ -eu/ trt vur i — * 

from the potential gradient and the conductivity, and is usua y 
expressed in cgs electrostatic units per cm* (=cgse units). 
Tables 2 and 4. 

Rale of Recombination of Atmospheric Ions . — As determined y 
laboratory experiments with artificial ionization, the coefficient a in 

= an+n “ has a value about 1.6 X 10 - * cm* per (ion sec) 

(c/. p. 110), but for atmospheric ions, a has, in general, been 1 
to be of the order of (2 or 3) X 10'*. Recent work ( » 

= +0*±> where 


indicates that for atmospheric ions — 


dn± 

d * 


0 is considerably more important than a. ^ 

Charge on Rain . — Rain may be charged either 4* or 
Simla, Simpson ( 32 ) found that 4 precipitation occu ^ 
times as frequently as — precipitation, and in a long ®f n ^ ^ 
observations the total 4 charge brought down was 3. im ^ 
great as the total — charge. The corresponding va * ue8 0 £.2 

Potsdam ( 26 ) by Schindelhauer (confirmed by K&h ® r J ® 
and 1.4, and at Le-Puy-en-Velay by Baldit ( 2 ) & re 111 
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respectively. The charge on rain is generally less than 1 es unit 
per cm. 5 

Lightning . — Humphreys ( 16 ) estimates that the current associ- 
ated with a lightning flash may, in certain cases, be of the order 
of 90 000 amperes. From a comprehensive series of experiments, 
C. T. R. Wilson ( 43 ) concludes that the average charge brought 
down in a lightning flash is of the order of 20 coulombs, and that 
the potential differences involved in the discharge are of the order 
of 10 9 volt. 
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General Conclusions. — The magnetic field of the earth is 
roughly that of a uniformly magnetized sphere; at external points 
the field of such a sphere is equivalent to that due to a magnetic 
doublet placed at the center of the sphere. The axis of the doublet 
is inclined to the axis of rotation. If M is its moment, and M p and 
M. are, respectively, the axial and the equatorial components of 
M, then, according to an analysis by L. A. Bauer ( 4 ), M = 8.04 
(10)”, M p = 7.88(10)”, M c = 1.60(10)” cgff magnetic unit; 
the axis of the doublet intercepts the northern hemisphere at 
latitude 78° 32' N. and longitude 69° 08' W.; and the average 
intensity of magnetization of the earth is 0.074 cgs magnetic unit. 

The magnetic poles, defined as the places where the field is 
vertical, are not where the prolonged axis of the doublet intersects 


the earth’s suriace. From observations between 1903 and 1906» 
Amundsen placed the north magnetic pole at lat. 71° N lonir- 
96° W.; from data obtained on the “Discovery,” 1902 to 1904» 
the probable position of the south magnetic pole is latitude 72° 
50' S., longitude 156° 20' E. 

From a harmonic analysis of the field, Gauss concluded that 
part of it is Of external origin. Analyses by Schmidt ( 13 ) and 
by Bauer ( 4 ) lead these authors to conclude that a part of the field 
is not derivable from a potential; Bauer ( 4 ) concludes that about 
3% of the field is of non-potential origin, and, of the remainder 
94% arises from internal, and 3% from external, causes. The 
non-potential portion would correspond, on classical electromag- 
netic theory, to vertical currents (see Table 1). 
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Table 1.— Vertical Current Densities as Computed from 

Magnetic Data 

Computed by Bauer ( 3 ) from magnetic data of 1920. The 
average value, regardless of sign, is about 10 000 times the atmos- 
pheric-electric current density, see p. 442. Dyson and Furner 
( 8 ) conclude that such vertical currents are not indicated with any 
certainty, although there is some evidence for them. A + sign 
indicates an upward positive current; [i 5 ] = current density in 
northern [southern] hemisphere. Unit of iff and is = 10- 3 
ampere/km 2 = 3.0 X 10~ 4 cgse (per cm 2 ). 


Lat. 

in 

is 

90° to 50° 

+21 

+ 18 

60 to 45 

+45 

+34 

45 to 40 

- 6 

-47 

40 to 35 

+ 18 

-22 

35 to 30 

+ 8 

-31 

30 to 25 

-29 

+ 19 

25 to 20 

-37 

+58 

20 to 15 

-19 

+41 

15 to 10 

-33 

-41 

10 to 5 

-53 

+ 14 

5 to 0 

-18 

+ 9 


Table 2. — Magnetic Elements at Various Observatories: 


Recent Data ( 9 ) 

D = declination (east or west); I = inclination or dip* (north 
or south); H = horizontal intensity, Z = vertical intensity. 
Italics indicate that the quantity is to the south (latitude and /) 
or the west (longitude and D); in column “Yr,” 24 indicates 1924; 
Long. = longitude east or west from Greenwich. Unit of H and 
Z = \y = 10 -6 gauss =* 10“ 6 cgsm. 


Observatory 

Lat. 




D 

r 

I 

r 

H 

r *■ 

Matocbkin Shar 

73° 

15' 

56° 

24' 

24 

20° 

35' 

80° 

03' 

9 

520 

54 270 

SodankylA 

67 

22 

26 

39 

22 

1 

22.6 

75 

40.5 

12 

561 

49 187 

Pavlovsk 

59 

41 

30 

29 

24 , 

3 

16. 1 

71 

07.9 

15 

818 

46 970 

Sitka 

57 

03 

136 

20 

22 

30 

29. 1 

74 

22.4 

15 

560 

55 C31 

Ekaterinburg 

56 

50 

60 

38 

24 

11 

00.8 

71 

58.4 

16 

578 

50 942 

Rude Skov 

55 

51 

12 

27 

21 

7 

45 '.2 

69 

01.2 

17 

105 

44 607 

Kasan 

56 

50 

48 

51 

24 

8 

63.5 

70 

07.6 

17 

310 

47 517 

Eekdalemuir 

55 

19 

3 

12 

20 

16 

49.7 

69 

39.5 

16 

706 

45 062 

Meanook 

54 

37 

113 

20 

24 

27 

17.7 

77 

73.7 

12 866 

59 984 

Stonyhurst 1 

53 

51 

2 

28 

24 

16 

06.3 

68 

41.7 

17 

276 

44 281 

Wilhelmshaven 1 

63 

32 

8 

09 

11 

11 

28.2 

67 

30.7 

18 

110 

43 747 

Potsdam 

52 

23 

13 

04 

23 

6 

66.9 

06 

36.5 

18 565 

42 920 

Beddin 

52 

17 

13 

01 

22 

7 

09.4 

66 

32.8 

18 

614 1 

42 905 


Observatory 


Table 2. — (Continued) 

Lat. I Long. | Yr | D 


Irkutsk (Zuja; 

De Bilt 

Valencia 

Bochum 

Kew 

Greenwich 


52 28 
52 06 
51 56 
51 29 
51 28 
51 28 

Ucde .50 48 

Hermsdorf 50 46 

Prague 50 05 

Val Joyeux 48 49 

Munich 48 09 


O’Gyalla 47 53 

Odessa 46 26 

Pola. 44 52 

Agincourt 43 47 

Tiflis 41 43 

Capodimonte 40 52 

Ebro (Tortosa) 40 49 

Coimbra 40 12 

Cheltenham 38 44 

Athens .* 37 59 

San Miguel 37 46 

San Fernando 36 28 

Kakioka 36 14 

Tsingtau 36 04 1 120 

Tucson 32 15 

Lukiapang 31 19 


Helwan 29 52 31 

Hongkong 22 18 114 10 

Honolulu 21 19 158 04 

Teoloyucan 19 45 99 11 

Toungoo 

Alibag 

Vieques 


18 56 96 27 
18 38 72 52 
18 09 65 27 


Antipolo 14 36 121 10 


Kodaikanal 

Batavia-Buitenzorg. . . 
St. Paul de Loanda. . . 

Huancayo 

Apia 

Tananarive 

Mauritius 

Vassouraa 

Watheroo 

Pilar 

Toolangi 

Christchurch 

Orcadaa 


10 14 77 28 

6 11 106 49 
8 48 13 13 

12 03 75 20 

13 48 171 46 

18 66 47 32 
20 06 57 33 
22 24 43 39 

SO 19 115 53 
31 40 63 63 

37 32 145 28 
43 32 172 37 
60 43 44 47 


12 20 

1 02.3 

1 24 

10 38.3 

6 20 

19 17.9 

4 21 

10 10.4 

9 20 

14 31.0 

0 23 

13 35.1 

1 16 

12 28.4 

4 13 

6 68.2 

5 21 

6 24 2 

1 22 

12 31.6 

7 13 

9 06.2 

21 

7 63.6 

2 18 

6 21.9 

a 10 

3 35.9 

1 22 

6 28.0 

3 24 

7 06.8 \ 

5 13 

3 09.1 l 

> 14 


L 24 

11 20.2 l 

; 20 

16 21.6 l 

> 22 

6 27.7 7 

5 08 

4 63.0 5 

> 20 

19 24 9 6 

’ 24 

13 23.6 5 

16 

6 17.6 4 

1 20 

4 12.9 5 

i 22 

13 47.5 5 

20 

3 21.4 4 

22 

1 43.2 4 

19 

1 30.6 4 

24 

0 23.8 3 

22 

9 57.1 3 

22 

9 09.9 

22 

0 29.7 2; 

22 

0 12.0 2 i 

22 

4 00.9 5: 

20 

0 35.9 1< 

22 

1 68.7 i 

24 

0 52.9 34 

19 i 

14 49.0 

24 

8 01.7 C 

24 

10 19.2 SC 

14 

8 26.2 5t 

23 

\ 0 49,2 6i 

23 

! 1 49.8 16 

24 

4 18.3 64 

20 

7 48.6 25 

20 

8 00.8 67 

23 1 

7 11.7 68 

12 

4 46.5 64 


71 

66 

68 


06.6 

52.7 
05.3 

57.9 

51.9 

02.8 


39.6 

04.6 


19 277 56 337 
18 372 43 024 

17 840 44 353 

18 410 43 297 
18 431 43 137 
18 971 42 703 


26.9 

12.8 

44.4 

51.1 


19 661 41 517 

20 623 40 609 

20 917 

21 707 41 606 

22 090 38 591 
15 752 57 733 
25 217 37 612 
24 166 


26.0 23 123 40 759 


29.0 26 839 45 533 


42.8 37 294 
24.5 28 794 


33.1 

11.7 

40.1 
04.3 

54.6 

07.6 
37.9 

33.7 

63.7 

06.2 
41. 2 
65.1 
12.0 
26.0 


27 695 
38 100 
37 878 
36 821 


29 755 
35 249 
22 484 
22 982 
24 407 

24 750 

25 297 
22 874 
22 209 
25 343 


26 175 

22 155 

23 658 

16 717 

17 303 
34 880 
11 065 

3 093 
23 072 


395 
20 453 
30 532 
30 018 
6 950 
50 941 
12 168 
56 384 
55 526 
35 442 


Table 3. — Magnetic Elements for Each 10° of Latitude and Longitude 

Data obtained from charts ( 5 ) compiled at Royal Observatory, Greenwich, England, 1922. A ? indicates that the curves were 
too widely spaced to permit satisfactory interpolation. D = declination (east or west); I « inclination or dip (north-seeking pole 
down or up); H « horizontal intensity; italics indicate that D is to the west or that I is such that north-seeking pole is up. Unit of 
H = IOO 7 = 10“* gauss = 10 -3 cgsm. 


Lat. 

70° N. 

60° N. 

50° N. ! 

• 

£ 

O 

s 

30° N. 

20° N. 

Long. 

H 

D 

I 

H 

D 

I 

H 

D 

I 

H 

D 

1 

H 

D 

I 

H 

D I 

0° E. 

? 

18.7° 

? 

163 

16.8° 

72° 

193 

13.6° 

65° 

240 

11.8° 

57° 

280 

11.0 0 

43° 

308 

11.1 ° 

10 E. 

? 

10.6 

? 

157 

9.7 

71 

197 

9.0 

64 

244 

8.2 

55 

286 

7.9 

42 

316 

7.9 

20 E. 

120 

3.8 

? 

160 

3.4 

71 

203 

3.7 

64 

248 

4.2 

54 

292 

45 

42 

322 

5.0 

30 E. 

120 

2.6 

? 

163 

2.1 

71 

208 

1.0 

64 

253 

0.9 

54 

299 

1.6 

41 

330 

9.4 

40 E. 

? 

7.8 

? 

162 

6.2 

71 

211 

4.8 

64 

258 

2.8 

54 

306 

1.3 

41 

339 

0.1 

60 E. 

7 

13.0 

? 

160 

10.0 

71 

212 

7.2 

65 

265 

4.8 

55 

313 

3.2 

42 

344 

1.8 

60 E. 

106 

18.2 

? 

1^6 

12.8 

72 

212 

8.3 

65 

271 

5.6 

56 

318 

3.5 

42 

352 

1.7 

70 E. 

98 

? 

? 

150 

14.1 

73 

212 

8.8 

66 

275 

5.7 

56 

324 

2.8 

43 

361 

0.4 

80 E. 

88 

? 

? 

148 

13.8 

73 

210 

8.0 

67 

279 

4.7 

57 

333 

1.8 

43 

373 

0.6 

90 E. 

80 

? 

80 

137 

10.7 

74 

210 

6.2 

67 

282 

? 

57 

342 

? 

43 

383 

0.6 

100 E. 

? 

16.0 

80 

135 

6.8 

75 

212 

2.7 

68 

283 

? 

57 

346 

? 

43 

389 

? 

110 E. 

? 

10.0 

80 

137 

0.4 

75 

216 

1.3 

68 

284 

1.8 

57 

344 

1.4 

43 

384 

? 

120 E. 

? 

3.9 

80 

144 

6.9 

75 

224 

6.1 

67 

285! 

6.0 

56 

338 

2.9 

43 

373 

0.4 


/ 

26 

23 

23 

22 

22 

23 

26 

26 

26 

26 

26 

26 

26 


10° N 


318 
326 
331 
337 
344 
3621 
361 
3721 
382 
396 
? 

? 

3891 


D_ 

ie.e°\ 

8.7 

6.2 

9.7 

1.9 
0.8 
0.1 
1.9 

e.s 
1.6 
0.0 

1.2 
1.4 


/ 

6° 
2 
1 
2 
2 

3 
6 
6 

4 
4 
3 

3 

4 
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Table 3. — ( Continued ) 


Lat. 

70° N. 

60° N. 


50° N 

* 

40° N. 

30° N. 


20° N 

0 

I 

10 ° N. 

Long. 

H ; 

D 



D 

! 1 

H 

1 D 

\JL 

// 

D 

I 

H 

D 

1 I 

// 

! D 

L 7 . 

( 

// 

i 0 

1 

130 

E. 

83; 

1.0 

80 

157 

? 

74 : 

232 

3.4 

66 

285 

6.8 

55 

326 

3 8 

\ 42 |366 

1 0 9 

26 

3 7i 

) 1.5 

.5 

140 

E. 

92 

4-8 

80 

167 

? 

73 

234 

94 

64 

281 

6.6 

53 

313 

3.6 

! 41 

343 

1 0 6 

26 

'364 

[ 2 2 

6 

150 

E. 

ioo: 

0.0 

? 

174 

8.0 

72 

235 

6.7 

62 

274 

42 

52 

300 

1 .6 

41 

325 

1 0 

! 26 1 348, 3.7 

7 

160 

E. 

109 

4.3 

? 

179 

2.3 

71 

234; 

2.2 

61 

267 

04 

52 

291 

1.6 

41 

313 

3 9 

! 27 

338 

!; 5.7 

9 

170 

E. 

114 

10.2 

? 

182 

2.6 

70 

230 

2.6 

61 

261 

3.9 

52 

283 

5.5 

42 

304 

6.8 

29 

330 8.0 

12 

180 

E, 

114 

15 4 

? 

182 

8.6 

70 

225 

8.0 

62 

255 

8.6 

53 

277 

8.9 

44 290 

9 1 

32 

|325 

i, 9 0 

15 

170 

W. 


21.2 

? 

177 

15.0 

71 

220 

13.5 

63 

250 

12.5 

55 

274 

11.3 

46 

296 

10.2 

i 35 

’324 

: 90 

18 

160 

W. 


27.7 

80 

171 

20.9 

72 ; 

215 

17.8 

64 

247 

15.4 

57 

273 

13.0 

48 

j 296 

10.6 

37 

324 

1 8 8 

1 

20 

150 

w. 

93 

35.0 

80 

163 

1 26.0 

73 

208 

21.4 

66 

245 

17.7 

59 

275 

14.1 

50 

299 

10 9 

38 

325 

| 8.8 

22 

140 

w. 

81 

44.5 

? 

150 

, 30.9 

75 

200 

24.1 

68 

244 

19.2 

61 

278 

15.0 

52 

304 

11.2 

40 

328 

? 

24 

130 

w. 

67 

54.6 

? 

130 

35 6 

77 

190 

25.9 

70 

240 

19.8 

62 

282 

: 15.2 

53 

1310 

11.6 

41 

332 

9.1 

25 

120 

w. 

47 

62.8 

85 

109 

37 7 

80 

177 

25.8 

72 

233 

19.2 

64 

282 

1 14.6 

55 

313 

11.4 

43 

334 

9.3 

26 

110 

w. 

33 

70.0 

? , 

87 

32 . 6 

82 

156 

22 3 

75 

221 

16.8 

67 

280 

13 3 

57 

314 

10.7 

44 

336 

i 93 

28 

100 

w. 

13 

60.0 ' 

? j 

63 

17.6 

84 

131 

15 0 

77 

207 

12.7 

69 

272 

10.0 

59 

312 

9.0 

46 

335 

8.6 

31 

90 

w. 

19 

67.3 ! 

1 ? 

47 

3.0 

85 

121 

2.1 

78 

192 

5.0 

71 

259 

6.2 

62 

304 

6.4 

49 

329 

7.1 

33 

80 

w. 

40 

74-0 

•) 

• 

58 

30.0 

84 

119 

13.6 

78 

184 

4 4 

72 

245 

0.0 

63 

292, 

2.7 

52 

320 

4.8 

36 

70 

w. 

58 

73.0 

85 

76 

41.7 

82 

127 

24.0 

77 

185 

13.3 

71 

235 

6.3 

63 

275 

2.3 

52 

305 

0.7 

38 

60 

w. 

70 

67.7 

• 

94 

44-4 

80 

138 

31.0 

76 

1 

488! 

19.6 

70 

231 

13.0 

62 i 

265 

8 0 i 

53 

291 

4.8 

40 

50 

w. 

82 

59.0 

? 

111 

43.2 

78 

152 

32.5 

74 

195, 

24 0 

68 j 

233 

18.0 

60 1 

264 

13.6 

51 

286 

10.9 

40 

40 

w. 

91 

60.0 

80 1 

124 

39.5 

76 

163 ! 

31.3 

72 

204 

24.8 

66 ; 

239 

20.6 

57 

267 

18.0 

48 

288 

16.2 

36 

30 

w. 

100 

40.3 

? : 

134 

34-9 

75 

173' 

28 0 

70 I 

215 

22.8 

63 

248 

20.0 

54 

277 

? 

43 

? 

19.0 

28 

20 

w. 

107 

33.6 

? 

142 

28.8 

73 

183 

23.3 

68 

225 ! 

19.7 | 

61 | 

261 

18.1 ; 

50 

291 

18.0 | 

36 ■ 

302 

19.5 

18 

10 

w. 

? 

26.3 

? 

148 

22.2 

72 

189 

18.6 

66 

233 

15.7 l 

58 i 

273 

146 1 

46 '301 

14.7 1 

30 ; 

311 

16.8 

10 
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Fig. 2. — Diurnal variation* at selected stations («<>). 

Data are based on average values for stormlesa days. Time is measured from local mean noon; 1 7 


Table 4. — Secular Changes in Declination (D) at Various 

Places, and over Long Periods ( 10 ) 

For recent variations, see Table 5; south and west values are 

printed in italics 


10 6 gauss = 1CT 6 cgsm unit. 


Lat. 

Long. 

51° 28' 
0 19 

44° 55' 

67 00 

37° 48' 

122 27 

23° 07' 

82 22 

14° 36' 
120 58 

12° 04 ‘ 
77 08 

22° 64‘ 
43 10 

’ 33° 66' 
18 29 

8 

A 

TJ 

§ 8 
■g 2 

0 w 

►j 

is 

~"3 

S 2 

w 

• 

O 

O 

.2 cj 

e| 

d O 

rrj 

It 

Xj 

a 

O 

4 

c 

<* 

> 

1 * 

• 

k— < 

1 

JS 

c 

2 

3 

U 

P 

a* 

• 

0 

1 

1 

0 

«• 

0 

L 

£ 

c 

a 

4) TS 

■0 3 

0 + 
g* 

CO 

• 

a 

* 

0 

H <3 

O 

IS 

Year 




D 




1640 

7.2° 








1560 

9.6 








1680 

10.9 








1600 

10 1 







1 . 0 ° 

1620 

7 3 

19. 0° 






1.6 

1640 

3.3 

18.5 






4-0 

1000 

0.6 

17.6 





12 . 1 ° 

6.4 

1680 

3.9 

16.0 





11.8 

8.9 

1700 ! 

7.1 

14.6 





11.3 

11.6 

1720 

11.0 

13.1 


4.0° 


6.7° 

10.6 

14.0 

1740 

16.3 

12.4 


5.0 


7.7 

9.7 

16.8 

1700 

19.6 

12.2 


5.8 

0.1° 

8.6 

8.5 

19.4 

1780 

22.7 

12.4 

12 . 6 ° 

6.3 

0.0 

9.4 

7.1 

22.2 

1800 

24.1 

13.2 

13.6 

6 5 

0.1 

10.0 

6.5 

26.0 

1820 

24.1 

14-7 

14.6 

6.3 

0.2 

10.4 

3.6 

27.1 

1840 

23.2 

16.3 

15.4 

6.0 

0.3 

10.6 

1.2 

29.0 

1800 

21.6 

18.0 

16 1 

5.2 

0.5 

10.6 

1.6 

30.0 

1880 

18.7 

13.8 

16 5 

4.0 

0.7 

10.3 

44 

29.8 

1900 

16.6 

19.3 

16.9 

3. 1 

0.9 

9.9 

7.7 

28.6 

1010 

16.7 

20.0 

17.6 

3.0 

0.8 

9.2 

9.6 

27.6 

1920 

14 1 

20.8 

17.9 

3.4 

0.7 

8.5 

11.2 

26.1 


Table 5. Secular Changes in Magnetic Elements at 
Various Observatories; 1905 to 1925 (10) 

Z = total intensity, D = declination (east or west), I = incli- 
nation (north-seeking pole down). West values are printed in 
italics. A = algebraic excess above value in column 1905; e.g., 
at Sitka in 1915, Z = 58 797 - 659 = 58 138, D = 29° 591' -f 
24.1' = 30° 23.2', 1 = 74° 43.2' - 16.7' = 74° 26.5'. Unit of 
Z = ly = 10 6 gauss = 10~ 6 cgsm unit. 


Year 

1905 

Place 

Value 

Bitka 

Z 

58 797 

67° 03' N 

D 

29° 59 . 1' 

135° 20 7 W 

I 

74° 43.2' 

Greenwich 

Z 

47 274 

51° 28' N 

D 

16° 09.9' 

0 ° 00 ' 

I 

06° 55. 9' 

Toronto 

Z 

61 730 

43° 40' N 

D 

6 0 42.27 

79° 24' W 

I 

74° 34.3' 

Cheltenham 

Z 

59 878 

38° 44' N 

D 

6° 17.8' 

76° 60' W 

J 

70° 26.4' 

Tucson 

Z 

53 669 

32° 15' N 

D 

13° 25.8' 

1 10° W W 

I 

59° 19.6' 

Honolulu 

Z 

38 168 

21° 19' N 

D 

9° 21.7' 

158° 04' W 

I 

40° 05 . O' 

Vieques 

Z 

44 795 

18° 09' N 

D 

1° 38.3' 

65° 27' W 

I 

49° 17.0' 


371 
+ 17.3' 
- 11 . 0 ' 
-34 
-28.7' 
-3.3' 
-300 
+ 21 T 
+ 4. 2' 
-282 
+ 23.6' 
+ 10 . 0 ' 
Values 
for 
1910 
-258 
+ 8 . 0 ' 
-17.8' 
-61 
+ 42.3' 
+ 35.0' 


1915 

1920 

1925 

A 

-659 

-997 

-1 177 

+ 24.1' 

+ 29.1' 

+ 28 1' 

-16.7' 

-21 . 1' 

-21.0' 

-171 

-252 

-424 

- 1 0 13.4' 

-2° 01 .3' 

-2° 69.9’ 

-4.1' 

-2.3' 

-4.4' 

-935 

-1 439 


+ 46.3' 

+ /° 03. S' 


+ 8.6' 

+ 10.3' 


-896 

-1 380 

-1 895 

+ 46 .27 

+ /° 00.7' 

+ 1° 21.4 ' 

+ 21.4' 

+30.0' 

+ 35.1' 

-374* 

-712* 

-1 072* 

+ 16.7'* 

+22.2'* 

+ 19.5'* 

+ 5.1'* 

+ 8.0'* 

+ 11 O'* 

-587 

-827 

-1 006 

+ 19.9' 

+ 31.5' 

+ 40. 1' 

-35.9' 

-39.9' 

-30 1' 

-85 

-213 


+ /° 31 .8' 

+ 2° 07.8' 


+ 1° 28 9' 

+ 2° 06.7' 



• Algebraic excess over value for 1910. 


Earth Currents. — It is not practicable to do more than to 
indicate the order of magnitude of earth currents. At the observ- 
atory del Ebro, Tortosa, Spain, the horizontal electrical potential 
gradient in the earth was measured over a distance of 1.28 km in a 
north-south line, and over a distance of 1.40 km in a west-east 
line. The average of observations extending over 4 yr (1914-18) 
gave as the gradient along the N.-S. line 0.204 volt per km, 


current ( + ) from N. to S., and along the W.-E. line 0.114 volt 
per km, current (-f) from W. to E. 

Aurora.— Auroral activity is confined largely to two zones of the 
atmosphere situated at an angle of about 20° to the magnetic 
polar axis. The lower edge of the aurora is sharply bounded; the 
height of this boundary appears to vary from 70 to 300 km, with 
a maximum number at about 115 km. 
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ACOUSTICS 

George Walter Stewart, Special Editor 


Complete Index 

Physical aspects of audition. 

Sound-generators. 

Detection and measurement of 
sound. 

Transmission, reflection, rever- 
beration and absorption of 
sound. 

Velocity of sound. 


Index Complet 
Aspects physiques de l’audition. 

G6n6rateurs de son. 

Detection et mesure du son. 

Transmission, reflexion, rever- 
beration et absorption du son. 

Vitesse du son. 


Ge8amt Index Verzeichnis 

Physikalische Betrachtungen 
des Horens. 

Schall-Erzeuger. .* 

Ermittelung und Messung des 
Schalles. 

Durchlassen, Reflexion, Wi- 
derhall und Absorption des 
Schalles. 

Schall-Geschwindigkeit 


Indice Completo p AQ * 
Principi fisici delTaudizione 460 

Produzione del suono 453 

Percezione e misura del 


suono 457 

Trasmissione, riflessione, 
riverberazione e assorbi- 

mento del suono 458 

Velocity di propagations 
del suono 461 


PHYSICAL ASPECTS OF AUDITION 

H. Fletcher 


For general bibliography of speech and hearing, see («) 

SYMBOLS AND DEFINITIONS 

d.v. Double (or complete) vibration (s). 

E Physical intensity of a sound = power (energy per second) 
it transmits per a unit of area normal to direction of 
propagation. 

N Frequency = number of d.v. per unit of time. 

P Amount by which the r.m.s. pressure exceeds the static 
pressure; P 0 = threshold value of P for an average 
normal ear; it depends upon N ; P m = value of P 
required for audition in presence of a masking tone, 
r.m.s. Root-mean-square; r.m.s. pressure = square root of the 

time average of (pressure) 2 . 

S Sensation level. 

sen Sensation unit. 
t Time. 

v.p.s. Vibrations per second; 1 v.p.s, = 1 d.v. per sec. 

<p Phonic level. 

Masking of a tone (A) by another (B) means the difficulty in 
distinguishing A when sounded simultaneously with B. It is 
expressed by the difference in phonic level between P m and P 0 , this 
equals 20 logio (P m /P 0 ) sen. (See Figs. 2, 3, 4.) 

Phonic level of P above the fixed datum corresponding to P' is 
<Pp = 20 log io (P/P') sen. In this section P' is taken as 1 dyne 
cm“*. (Cf. Sensation unit.) 

Sensation level (S) measures the auditory intensity of sound; it 
is the excess of the phonic level above that of P 0 . For a pure tone, 
S - - *> Po = 20 log io (P/Po) sen. 


Sensation unit (sen)- is defined as that fractional change in 
intensity which is just perceptible by the ear. Throughout the 
range of audition, it is found that if the sensation being experienced 
is that corresponding to P = P lf then the smallest perceptible 
change is approximately %q of that caused by increasing P 
from P i to 10Pi. Hence in the range Pi to P, there are 20 logio (Pt 
/Pi) sen. It is convenient to regard this relation as extending indefi- 
nitely, irrespective of the range of audition, and to regard each 
value of P as corresponding to a phonic level of 20 logio (P/P') sen 
above some convenient fixed datum (P') which is independent of 
the auditor and audition. (Cf. (S).) 

Sensitivity of the ear is inversely proportional to PoJ the unit is 
so chosen that the sensitivity = 1 /P 0 . 

Threshold value (P 0 ) of P for any given auditor and tone is that 
least value of P, in the ear canal, which produces an audible sound 
of that tone. 

Table 1. — Sensitivity of the Ear 
See also Vol. I, p. 94 

Absolute Sensitivity - 1/P 0 . — Differential sensitivity is the 
reciprocal of the least perceptible fractional change (A E/E, bN/N) 
in E or N. Sensitivity in recognition of pitch may be taken as the 
reciprocal either of the time the tone must persist, or of the total 
number of d.v. that must reach the ear, in order that the tone 
shall be recognized. 

Unit of N = 1 v.p.s.; of P 0 *= 1 dyne/cm*; of I s * 1 sec; of S = 

1 sen. 

Limits of Audibility (*). — Lower limit varies from N m 8 to 40; 
upper, from N = 12 000 to 35 000. 
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Absolute sensitivity ( 9 » 13, 2 0 ) ; 8ef a i H0 \ 


128 
10.021 


256 512 1024 

0.0039 0.0010 0.00052 


2048 
0.00041 


4096 
0.00042 


Differential sensitivity for monaural reception of successive tones 

AE/E depends upon both <S and N, and is given by the empirical 
equation A E/E = (A E/E) v + | fA E/E), - (±E/E)„.\ X 10 “ r6 ’/io 
where ( AE/E )* = 126/(80^^ + A | -f 0.000015A, (A E/E) t = 
0.3 -f 0.003A ■+■ 193/A 0 8 , and r = 0.244 X 10yj358000A° 126 + 
A r2 | + 0.65A/ ( 3500 + A r ). 

A N/N varies with S about as A E/E does. For S = 40 sen, 
A A/ A varies with N thus: 



Fiq. 1. Phonic levels (y?) for equality of loudness of pure tones. 

Threshold values of audibility are shown by curve A (weighted mean 
C» •* »*), pitch limits range (•) from A * 8 to 40 and from A = 
12 000 to 35 000), of feeling, by curve F (*•); half of observations lie 
between the dotted curves. Interior curves are contour lines of equal 
loudness, reference tone being A r ■=» 700 v.p.s.; each point is average 
of 3 observations by each of 22 observers; distance from curve A 
measures the sensation level. <p = phonic level, datura *= 1 dyne /cm 2 , 
unit — 1 sen; unit of pressure = 1 dyne/cm*. 


Loudness ( 8 » 16 ). — Until recently it was thought that the 
loudness of a tone is measured by its sensation level, but there is 
not a strict proportionality between these two quantities. Con- 
tour lines of equal loudness for pure tones show that tones below 
1000 v.p.s. increase in loudness more rapidly than do tones of 
higher frequency. ( See Fig. 1.) 

Localization of Pure Tones ( 17 ). — If 100 v.p.s. <! A^ 1000 v.p.s., 
then, approximately, Q = ^/(0.8 -f 0.0034A), if unit of A =* 
1 v.p.s.; 6 = angle the apparent direction of the source makes 
with median plane of the observer; = angular phase difference 
of the tone at the two ears. 0 and ^ must be expressed in the 
same unit; positive direction of 6 is from the front towards the 
ear of the leading phase. 

Miscellaneous Aural Data . — Minimum audible power = 4(10)“ 
microwatt/cm 2 ( 9 » 13, 20 ). Ear canal: Length <= 2.1 to 2.6 cm, 
volume = 1 cm J , area of open end = 0.33 to 0.50 cm 2 . Drum. 
Diameter = 0.85 cm vertical, 1.00 cm horizontal; area ** 0.65 cm 2 . 


Hammer: Length =*0.8 to 0.9 cm; weight =*23 mg. Anvil 
weighs 25 mg. Stirrup weighs 3 mg (io» 2 i). Mechanical 
impedance of drum ( 7 ) for N *= 200 to 4000 v.p.s. = 20 to 30 
dyne/(cm per sec); that is, a value of P corresponding to an 
r.m.s. periodic force of 20 or 30 dyne is required to impart to 
the drum an effective r.m.s. velocity of 1 cm /sec, the effective 


A , v.p.s 

A A/ A, % 

64 

0.93 

128 

0.59 

256 

0.4 

512 

0.32 

768 to 4096 

0.3 

Pitch Recognition 0 ). — t and d.v. = least duration of the tone, 
and smallest number of d.v. received, consistent with recognition 
of the tone. 

E 

A 

t 

d.v 

128 

0 . 0946 
12.1 

Weak 

384 

0.0627 

24.1 

512 

0.0579 

29.6 

256 

0.0691 

17.6 

Medium 

384 

0 . 0445 
17.1 

512 

0.0427 

21.8 



Fig. 3. — Masking of tones of various frequencies by ono of K *» 
1200 v.p.s. and of sensation level * 44, 60 or 80 sen: Both tone* 
sounded in same ear (»*) 
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Fio. 4.— Masking of tones Aj by tones of AT = 1200 v.p.s. of various 
intensities: Tones sounded in opposite ears (»•). 

Tones introduced by telephone receivers. Dotted lines are from 
Fig. 2. Attenuation introduced by the skull from ear to ear is such 
that in monaural reception the phonic levels at the two ears differ by 40 
or 60 sen. M =■ amount of masking. Unit of A, - 1 v.p.s. ; of M and 
of sensation level = 1 sen. 



















velocity ( v ) being defined as v = j J ^t/da, A being the area of 

the drum and da being an element of area at which the velocity is v. 

Recognition of English Speech (*). — In order that at least 50% of 
the spoken syllables shall be recognized: (1) S must be > 25 sen 
if the sound is undistorted. (2) If S = 60 to 80 sen and the sound 
is distorted either by the removal of all frequencies above N = N i, 
or of all below N '= AT a , then Ni must be >1200 v.p.s. and N% 
<1800 v.p.s. ( See Fig. 5.) 

Speech Power ( 7 ). — Mechanical speech power delivered by aver- 
age speaker = 10 microwatt; if exclude silent intervals, it is 14 
microwatt. Peak power frequently rises to 1000 microwatt. 
For unaccented vowels, average power in the particular cycle 
carrying the maximum energy is 35 microwatt; for accented 
vowels, it is 105 microwatt; instantaneous peak powers are 16 
times average power ( 1S ). Telephonic speech power » electrical 
power output of a commercial telephone subset during a normal 
telephone conversation. For individual variations, see Fig. 6; for 
distribution of power among the tones, see Jig. 7. 



Fig. 5. — Recognition of English speech ( 4 ). 

Recognition =■ relative number of syllables recognised. Eor cu 
A, all frequencies above N are eliminated; for B, all those be ow * 
C shows effect of sensation level ( S ) upon recognition of tne 
fcorted sounds. For A and B, S «* 60 to 80 sen. 








SOUND GENERATORS 


453 


Table 2. — Relative Frequency ( F ) of Occurrence of Sound 

Elements of English Speech (3) 


Sound = sound element; Key = English word containing the 

sound; unit of F = 1 % of total 


Sound 
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0 
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1.81 
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ch 
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d 


4.31 

y 
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f 
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z 


2.97 
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1 Total 1 

100.00 


LITERATURE 

(For a key to the periodicals see end of volume) 

( l ) Bode, Psychologische Studien, (Wundt), 1: 293 ; 07. (*) Crandall and 

MacKenzie, 2, 19 : 221; 22. (>) Dewey, The relative frequency of English 

speech sounds, Cambridge, Harvard Univ. Press, 1923. ( 4 ) Fletcher, 

143, 193 : 729; 22. (*) Fletcher, 143, 194 : 280; 23. (•) Fletcher, 143, 

194 : 323; 23. ( 7 ) Fletcher, Bell System Tech. J., 4 : 375; 25. («) Fletcher 

and Steinberg, 2, 24 : 306; 24. (•) Fletcher and Wegel, 2, 19 : 553; 22. 

( l0 ) Howell, Text-book of physiology. Philadelphia, Saundera, 1924. ( ll ) 
Kingabury, 2, 29 : 688; 27. ( 12 ) Knudeen, 2, 21 : 84; 23. ( ,J ) Kranz, 2, 

21 : 573; 23. (»«) Riesz, BeU Telephone Laboratories, N. Y., 0. (»») 

Sacia, Bell Telephone Laboratories, N. Y., 0. ( ie ) Steinberg, 2, 2®: 507; 
26. ( ,7 ) Stewart, 2, 15 : 426, 432; 20. (»•) Wegel, Bell System Tech. J.. 

1: 56; 22. (»•) Wegel and Lane, 2, 23 : 266 ; 24. 

(*°) Wien, 278, 97 : 1; 03. ( J >) Wrightson, Enquiry into the mechanism of the 

internal ear. New York, Macmillan, 1918. 



Fio. 6. — Variation in telephonic speech power of individuals ( 7 ). 
x = percentage of speakers having telephonic speech power ^ CA , 
where A = average power of all speakers. 



Fio. 7. — Distribution of power in average spoken English (*). 
Total power carried by all the tones from N «■ 0 to N ■» n' is E — 

/o E»dn, where E n dn = power carried by the tonal region N ■» n — 

%dn to X - n + \^d n. Unit of E* «= 1 microwatt per v.p.s.; of 
E = 1 microwatt; of n, n\ N « 1 v.p.s. 
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DEFINITIONS AND SYMBOLS 

Amplitude . — The amplitude of the oscillation of a point is its 
extreme departure from that condition of rest about which the 


oscillations occur. If the departure (y) at the time r satisfies the 
equation y » A sin (nr -f «), A is the amplitude. 

Frequency .— The frequency of an oscillation is the number of 
vibrations per unit of time. id 

Period. — The period of an oscillation is the time required for one 
vibration; it is the reciprocal of the frequency. 

Vibration . — In each interval between successive returns of the 
body to exactly the same phase of its motion, it executes a single 
vibration. For example, from the instant a pendulum bob 
passes from left to right through the lowest point of its arc to the 
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next instant in which it passes in the same direction (left to right) 

through the same point is the interval occupied by a single vibra- 
tion of the pendulum. 

a Thickness in the plane of vibration. 

E Young’s modulus of elasticity. 

E Tensile force. 

I Length. 

A Frequency. 

Ni, N 0 , N i Frequency for ideal case, at 0°C, at t, °C. 

P, Pressure. 

r » r » Radius, value of r at 0°C. 

t Temperature, °C. 

v.p.s. Vibrations per second. 

p » P o Density, value of p at 0°C. 

o Mass per unit of length. 

Other symbols will be defined where used. 


SOUND-GENERATORS 

Of the sound-generators, exclusive of musical instruments, only 
those that are most commonly used or that appear to be useful 
are considered here. They may be classified as follows: 

I. Strings and strips: (A) Transverse vibrations: (1) Plucked 
string. (2) Ribbon loud-speaker. (R) Longitudinal vibrations: 
(3) Stretched wires. (4) Berger’s hydrophone. 

II. Rods and forks: (5) Tuning fork. 

III. Plates and diaphragms: (A) Electromagnetic drive: (6) 
Telephone receiver. (7) Hewlett’s generator. (8) Loud-speaker. 

(9) Fessenden’s hydrophone oscillator. (R) Electrostatic drive: 

(10) Electrostatic transmitter. (C) Mechanical drive. (11) 

Piston-phone. (D) Piezoelectric generator: (12) Quartz (Si0 2 ). 

(13) Rochelle salt (KiSaChHtOc^HaO). ( E ) Free elastic vibra- 
tions: (14) Bell. 

IV. Confined fluid: (15) Organ pipe. (16) Tonvariator. (17) 
Galton’s pipe. (18) Singing tube. (19) Thermophone. 

V. Free fluid: (20) Siren. (21) Diaphone. (22) Explosives. 

Of the preceding generators, numbers 2 and 8 are especially 

suited for the intense emission of spoken sounds, and numbers 4, 9, 
14, and 22 are suitable for the emission of 30und under water. 
Descriptio: s of other generators may be found in (3, 4 , 5, 9, le, 

18 , 47 , 49 , 54 , 59 ). 

1. Plucked. String (3, 39 ). — If the string is perfectly flexible, 
N{ =* n/2l y/F / <r — n/2l y/F{ 1 + at) if l , the distance 

between the bridges, is independent of t. Here n is the number of 
loops in the length l , n may have any integral value, and a is the 
coefficient of linear expansion of the string. Actual strings are not 
perfectly flexible; for them N = N { ( 1 + c), where c, the stiffness 
correction, increases as l Ls reduced. For a steel wire with r = 
0.20» mm, F constant and such that N = 76 v.p.s. if l = 90 cm, 
Melde (39) found c varied thus: 


90 

45 

30 

22.5 

0 



1.8 , 

3.9 


18 cm 
5.3% 


Ribbon 


flows through a thin, corrugated, metallic ribbon mounted in a 
magnetic field, the ribbon vibrates, thus generating sound. For 
such loud speakers, an aluminum ribbon 10 cm long, 1 cm wide, 
0.001 cm thick, weight = 30 mg, resistance = 0.05 ohm, is used; 
its maximum current, voltage, power, and amplitude are 10 
ampere, 0.5 volt, 5 watt, and 0.5 cm. When fitted with a horn, 
the emitted speech was intelligible at a distance of 1 km ( 26 ). 

3. Longitudinal Vibration of a Stretched Wire (12 )—N i = 
1/2 ly/E/p and is independent of F. For a steel wire of l = 676 
cm and r — ca. 0.2 mm, N was found to be 762 v.p.s. 

4. Berger’ * Hydrophone ( 50 ) consists of 3 steel strips, each 3.84 
cm'(1.5 in.) wide, 0.16 cm (if 6 in.) thick, and about 180 cm (6 ft.) 


long, attached, below the water-line, to the side of a ship, and set 

into longitudinal vibration by means of a friction drum driven by a 

2.2 kw (3 h.p.) motor. The sound was heard under water to a 
distance of 6.4 km (4 miles). 


4 


numerical constant, and S a} f>i are corrections which are independ- 
ent of a and l For steel forks, Cy/E]~p = 81 800, S a =» 0.05 cm, 
5/ = 0.38 cm; l is the projection of the prong on the axis of the 
fork ; N is independent of width perpendicular to plane of vibration. 
If — 26°C < t < + 56°C, N t = iV 0 /(l + 0.000134 /) (11); for higher 
temperatures, see Fig. 1. For variation of N with amplitude, see 
Fig. 2. By controlling the temperature and amplitude, and using 
a specially designed spark-gap, a fork of 25 v.p.s. has been vibrated 
several hours daily for several weeks without a change exceeding 1 
in 10 000 in N ( 60 ). By means of a circuit containing an oscillat- 
ing electron tube, forks of N = 50 to 2000 v.p.s. may be kept in 

vibration without the use of a mechanical contact circuit breaker 
(16) 


- 2 % 


-6 Z 


• Annealed 3.5% Nickel Steel 
o Heat-Treated Nickel Steel 
■f 0 15% Carbon Steel 


I io. 1. — Tuning forks: Variation of frequency (A0 with temperature 

(*'). 


Ill | 


0 . 12 % 


/ \ iv 

/ \ 

/ \ 

' \ 


008 



Amplitude — - 0.05cm. 0.10 0.13 

Fio. 2. — Tuning forks: Variation of frequency (AO with amplitude 
(**)• The driving current was interrupted by break between spring 
and point. Curves I and II refer to same fork; for I the amplitude 
was varied by varying the current, for II it was varied by changing 
the positions of the pole-pieces of the magnet. Curves III and j 
refer to two other forks; the contacts of fork IV were mounted qui e 
differently from those of the others. 
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6. Telephone receivers consist of a circular metallic diaphragm, 
cither of magnetic material or with a plate of such material 
attached to its center, which is clamped along its circumference 
and is vibrated by a varying magnetic field. For variation of the 
amplitude with the frequency of the field, see Fig. 3. The over-all 
efficiency (Etf.) is defined as the ratio of the acoustic energy emitted 
to the electric energy supplied. For a bipole, 87 ohm, Bell 
telephone receiver, N = 992 v.p.s., no cap over diaphragm, 
EfT. = (0.375 ± 0.025)% ( 33 ). For variation of Eff. with .V see , 
Fig. 4. Minimum electrical power required to give a sound audible 
to a normal ear is of the order of 3.3 X 10* 13 watt for a repre- 
sentative type of receiver ( 55 ). For acoustic characteristics, see 



too 800 1000 1200 1400 vps. 

Fig. 3. — Telephone receiver: \ ariation of amplitude with frequency 

of current ( 30 ). 



Fig. 4. — Telephone receiver: Variation of acoustic efficiency with 

frequency of the current ( 3 »). 

Ordinates are the over-all efficiencies. 


7. Hewlett's tone generator ( 27 ) consists of a thin, circular, 
metallic diaphragm clamped along its circumference, and placed 
between two flat circular coils, each wound in its own plane. By 


a suitable bridge connection, a constant direct current m passed 
through the coils in such a way as to produce i/r the diaphragm a 
radial magnetic field, and at tin* same tirn*, an alternating current 
is so passed through them as to produce an axial field. As a 
result, the diaphragm vibrates with the period of the alternating 
current. If the diaphragm is nonmagnetic and the current Is 
simply harmonic, the tone is pure. When a certain instrument 
was excited by a direct current of 1.5 ampere and a voice current of 
0.1 ampere, the reproduced speech was comfortably audible at all 
points in a room 20 ft. square (28 j The amplitude (A) varied 
thus with the frequency of the alternating current, the strength 
of the current remaining constant: 


N .... 

1 1440 

1600 ! 

2200 

3700 1 v.p.s. 

A . . 

.... 1 4 6 | 

4 16 1 

4.04 

1 72 ! X 10 -6 cm 


8. I.oud-speaker. — For general discussion, see ( ,3 t 44 ); for 
‘‘ribbon” loud-speaker, see 2, above. The over-all efficiency 
varies from 0.1% to 1% ( 13 » 44 ). A balanced electromagnetic 
loud-speaker, diaphragm 7.62 ern (3 in.) in diameter, equipped with 
a horn, and radiating approximately 1 watt of acoustic energy, 
was heard loudly at a distance of 0.8 km (0.5 mile) ( 21 ). A loud- 
speaker equipped with a paper cone of 45°, maximum diameter = 
15.25 cm (G in.), paper 0.18 to 0.25 mm (0.007 to 0.010 in.) thick, 
had a general sensitivity equal to that of a good horn-type speaker, 
and responded to both low and high frequencies ( 48 ). Data for 
loud-speaker horns ( 19 » 22 ). 

9. The Fesseruhm hydrophone oscillator is a diaphragm operated 
by either an electrodynamic or electromagnetic drive. With 
the electrodynamic arrangement, a 5 kw. oscillator of 545 kg. wt. 
(1 200 lb. wt.) has a tuned diaphrugm, about 60 cm (2 ft.) in 
diameter, clamped at the rim, and attached at the center to a light, 
hollow copper cylinder. This cylinder is mounted in a powerful 
magnetic field (about 15 000 line/cm 2 ) so that alternating 
currents about the core inside the cylinder induce in the copper 
alternating currents of about 10 000 ampere. The cylinder is 
thus pushed and pulled with magnetic forces of about 1 800 kg. 
wt. (4 000 lb. wt.). When suspended 366 cm. (12 ft.) below the 
surface of open water the sound (N = 500 v.p.s.) was detected 
under water at a distance of 57.4 km (U 50 ). 

10. Electrostatic , or corulenser , transmitter ( 58 ) consists of an 
electric condenser composed of a thin (0.051 mm) metal diaphragm 
and a heavy plate separated by an air layer 0.025 mm thick. The 
diaphragm is under such radial tension that its natural frequency in 
air is 7000 v.p.s. An alternating voltage applied to the condenser 
causes the diaphragm to vibrate with twice the frequency of the 
voltage. The intensity of the emitted sound is of the same order 
as that from a telephone receiver. Such a transmitter may be used 
as a standard source of sound. 

11. Piston-phone ( 56 » 57 ). — A rotating cam imparts a simple 
harmonic motion to a piston which is attached to a diaphragm; 

N = 10 to 200 v.p.s. 

12. 13. Piezoelectric Generator. — A suitably cut, thin parallel- 
opipedon of a piezoelectric crystal (see p. 207) will execute 
dilatational-rarefactfonal vibrations when subjected to a transverse 
alternating electric field. The amplitude of the vibrations is 
exceedingly small unless the frequency of the field is near that of 
one of the natural periods of the parallelopipedon. Such plates 
are useful for generating waves of high pitch. 

If the plate Is of quartz (Si0 2 ) and is cut so that its broad faces 
are perpendicular to an electrical axis and its breadth is parallel to 
the optic axis, then its length ( l ) will be perpendicular to each of 
these axes, and a varying field perpendicular to its broad faces will 
generate vibrations in the directions of l and of e, the thickness; 
the natural frequencies, Ni and N e are given by the equations 
IN i — eN e = 275 000 cm v.p.s. 
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Plates of rochelle salt (KNaCjH^e+HjO) maj be used likewise, 
and in some respects are superior to \hose of quartz ( 7 ). 

14. BeUs rung under water may be heard Under water at a 
distance of 3 to 5 km (2 to 3 miles) (*> 41 ). 

15. Organ Pipes , — The natural pitch of an open organ pipe is 

v .... ... v 


N = 


■> and of a closed one is N = 


where 


2(1 + c 4- c') 4 (l + c) 

c = correction for mouth-end of pipe = 2.7r ( 45 ), c' = correction 
for open end (if pipe has a flange c' — 0.82r ( 36 ), if no flange c' = 
0.6r ( 45 ), observed value for thin brass tube of r = 5.3 cm is 
c' = 0.57 er ( 6 )), v = velocity of sound in fluid filling the pipe = 
\ZypTp = + at -f 0t*, y = ratio of specific heats; for 

air, Vo = 330.6 m/sec, a = 0.00371,0 = —0.126 X 10”®, for other 
fluids, see p. 461. The pitch of the sound actually emitted 
increases with the blowing pressure; for a pipe of natural pitch 
255 v.p.s., the observed pitch was 255 + 6, where 5 varied as 
follows ( 46 ): 
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10.7 cm H 2 0 
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The intensity (I) also increases with the blowing pressure ( 37 ) 
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16. Tonvariator ( 53 ) is a Helmholtz resonator blown by air- 
blast. Its pitch can be varied continuously over about an octave; 
its tone is practically pure, the overtones being very high and weak 
(25, 47). The intensity (/) increases linearly with the blowing 
pressure (p cm of H 2 0), at least within the range 10 < p < 39.5, 
being given by / = 0.67 p - 4.7, unit of I being arbitrary ( 37 ). 

17. Gallon's pipe gives tones varying from about 3 500 to 
50 000 v.p.s., depending upon its length (l) and the width (w) 
of its mouth ( 17 ): 
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18. Singing tube ( 35 ) consists of an outer glass (pyrex) tube 
closed at one end. and a shorter inner tube open at both ends and 
at one end sealed to the outer tube at such a place that its other 
end is near the closed end of the outer tube. When the relative 
dimensions of the tubes are suitably adjusted, a strong, pure tone 
is emitted when the closed end of the tube is heated. The pitch 
depends upon the difference in temperature of the two ends of the 
tube. For a certain tube the following data were obtained ( 34 ): 
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19. Thermophone (2, 57 ). — When a very thin metallic strip 
immersed in a fluid is heated by an alternating electric current, 
the periodic expansion and contraction of the adjacent film of fluid 
give rise to vibrations in the fluid. The intensity of the sound 
is low, and is indefinite unless the fluid is confined in an enclosure 
of which the dimensions are all small as compared with the wave- 
length of the vibrations. If the heating current has a pure sine- 
wave form, the emitted sound is a pure tone of twice the frequency 
of the current. (See Fig. 5.) 

20. Siren. — In a “pure tone” siren, the overtones are weak 
( 4 »). (See Fig. 6.) 



21. Diaphone ( 32 ) is a modified siren. It consists of a cylinder 
fitted with a piston which is oscillated through a small amplitude 
by compressed air, and which intermittently interrupts an air- 
blast. It emits a powerful tone. It may emit 1.76 kw (2.36 h.p.) 
of acoustic energy with an over-all efficiency of 6 to 8 % and be 
heard for miles. 

22. Explosives (23, 24, 52). — The detonation of bombs contain- 
ing from 225 to 900 g (0.5 to 2 lb.) of T.N.T. (2, 4, 6-trinitro- 
toluene, C 7 H 6 N 1 O 6 ) has been used as an under-water source of 
sound. The sound from a 500 g bomb detonated at 8 to 10 m 
below the surface has been detected under water at distances of 

15 to 18 km (»2). 



Fio. 5. — Thermophone: Relation between frequency (AO and ampli- 
tude (A,) of oscillation of pressure (* T ). 

In each case mean temperature of strip — 335°K, of air in enclosure “ 300°K. 
For A, strip was a Wollaston wire 1 cm long, 2 r ■■ 0.003 mm; volume of enclosure 
*= 1 cm 1 ; for B, strip was gold foil, area — 5.5 cm 1 , thickness ■■ 0.079 ft — 0.79 X 
10” 6 cm; volume of enclosure — 14 cm*. K is a constant. 



Fio. 6. — Sirens: Comparison of “Pure tone” and Seebeck sirens («*). 


Notes ana vied by means of resonators. Arbitrary unit of intensity. 


DEVICES FOR STABILIZING THE FREQUENCY OF 
OSCILLATION OF CIRCUITS CONTAINING ELECTRON 

TUBES 

The frequency of an oscillating electron tube and circuit 
may be stabilized by the use of a piezoelectric resonator ( 8 * e °* 

12 above). Variations with resonator are only about 3 % of t ose 

without ( 8 ). . 

By the use of 2 electron tubes and coupling by tuned impe anc , 

the frequency of oscillation of the circuit may be m e ^ Ul 
independent of changes in plate voltage and in filament curren 
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Id one case a change of 50% in plate voltage produced hut 0.1 %, 
and of 43% in filament current produced hut 0.3%, change in the 
frequency ( 20 ). 

By the use of a tuning fork ( 14 » 29 ), the frequency can he 
maintained constant and equal to that defined by the fork to 
within 1 part in 100 000. Changing tubes produced a maximum 
effect of 1 in 100 000; there was no change as the tubes aged and 
no change as the filament current was reduced, provided the cur- 
rent was not less than 80% of its normal value. As the plate 
voltage was increased the frequency increased by 0.0002% per 
volt of change. 
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This bibliography covers all devices now available for quanti- 
tative, measurements. For a recent discussion of such devices, 
see (39-1 ). Apparatus covering the range within which the human 
ear is sensitive ( see p. 4.50) is very elaborate and compromises are 
generally required to meet a given situation. 

1. Interferometric measurement of amplitude of changes in 
density ( 29 > 35 > 39) 

2. Rayleigh disc: In free air ( 52 ); in simple resonator ( ,2 » 30 ); 
in double resonator ( 4 > 38, 4i) t 

3. Webster’s phonometer ( 21 » 4 2, 43) # 

4. Wien’s vibration manometer ( 47 > 51 ). 

5. Torsion balance for measuring pondermotive force ( 2 » 3 U 
51 ), theory (31). 

0. Miller’s phonodeik ( 23 ). 

7. Ballistic phonometer ( 3 ). 

8. Acoustic valves ( 28 ). 

9. Magnetophones ( 20 » 27 » 34 ). 

10. Contact microphones ( ,0 » 27 ). 

11. Thermo-microphones ( 8 » 9 > 15 » * 7 * 24, 25, 33, 40) # 

12. Condenser microphones ( 5 » 45 > 48 ). 

13. Resonators ( ,3 » 25 i 26 » 32 » 40 ). 

14. Horns ( 7 , H, I 4 , l 8 , 26 , 36, 37 , 43 , 44). 

16. Geophones (U 22 ). 

16. Hydrophones ( 6 . 19 » 48 » 49 » 50 ). 
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SYMBOLS AND DEFINITIONS 

A Amplitude of displacement of element of the medium. 

0 Absorbing power. 

E Bulk modulus, modulus of volume elasticity. 

1 Intensity of the sound. 

I Length of a tube, or thickness of a septum. 

N Frequency, pitch, number of complete vibrations per unit 

of time. 

P Acoustic power. 

R Radius. 

8 Area. 

T Duration of audible reverberation. 
t Time. 

V Volume of room or other enclosure. 

v Velocity of sound in medium considered. 

v.p.8. Vibrations per second. 
a Coefficient of absorption. 

6 Damping coefficient, coefficient of attenuation. 

A Wave-length. 

fi Acoustic resistivity, 

p Density. 

a Mass of septum per unit of area. 

\ 

Absorbing Power. — As the result of the absorption of sound by 
a surface of area s, the intensity of the sound in an enclosure dies 
away exponentially after its emission ceases ;/< =* I 0 e~ a/>vt/AV } where 
t is the time that has elapsed since / had the value 7 0 , the source 
having ceased to emit sound prior to the beginning of the intprval 
t, and v is the velocity of sound in the medium u-^ch nils the 
volume V. The absorbing power of the surface is as, and a is the 
coefficient of absorption. If the boundaries (walls, fittings, and 
occupants) consist of several types of surfaces, the- total absorbing 
power is a = a X 8i -f- aj«a -f- • • • ; it is of the dimensions of an 
area. 

Acoustic power is the amount of acoustic energy that is emitted 
per unit of time. 

Acoustic resistivity of a medium is p = y/Ep. It is the amount 
by which the r.m.s. 1 pressure in a plane wave must exceed the 
static pressure if the r.m.s. 1 velocity of the medium is to be unity. 
Coefficient of Absorption. — See Absorbing power. 

1 r.m.*. — square root of the mean iquare. 



Coefficient of Attenuation . — As a sound travels along a tube, the 
intensity decreases exponentially; I z = /oe _ax ; 6 is coefficient of 
attenuation. 

Intensity (I) of a sound is used in this section to denote the 
amount of acoustic energy per unit volume of the medium. For 
a single beam of advancing sound, Iv is the acoustic energy trans- 
mitted per unit of time through a unit of area perpendicular to the 
direction of propagation. 

T ransmittivity of an interface or septum = (transmitted energy) 
- 3 - (incident energy). 

Reflectivity of a surface = (reflected energy) + (incident 
energy). 


Table 1. — Transmission of Sound through Tubes, Horns and- 

Wave- filters 


Amplification by horns: theoretical (l» 2 » 7 » 8 > 14 » ,7 t 23 » 37 ); 
experimental ( 3 > 4 » 12, 14, 15, is, 18, 20 , 21 , 22 , 31, 38 , 39 ). 

Wave-filters are conduits with side openings and, in certain 
types, associated branches and air-chambers; sounds in pre- 
determined ranges of frequencies cannot pass through them. 
Theory and experiments ( 32 ). 

For cylindrical tubes, radii R x and R j (/?* * connected 

by a cone of length l, sound proceeding from tube 1 to tube 2, 


A%R\ = 
A x R\ 


1 




1 + 
1 W 




i - l) 2 (1 - cos *) 


M 


(rj — 1)* (i? - sin n) 


I 1 


where n r- (*). 


Por lube of constant R, I x = Ioe~ Sx ; tabular values are 6 ( II ). 
Unit of R = 1 cm = 0.394 in.; of l =• 1 m * 3.28 ft.; of N * I 


v.p.s.; of 5 = 0.01 m -1 = 0.00305 ft." 1 . 
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Table 2. — Acoustic Resistivity and Tranhmisbion of Plane 

Waves from Medium to Medium ( 5 ) . * 

The external media are assumed to have a thickness that is great 
as compared with X; the media are indicated by subscripts, 1, 2, 
3, . . . , in the order in which they are entered by the wave, 
A i, A x r = displacement amplitude of incident, of reflected, wave 
in medium 1. 

Two media, plane boundary, normal incidence. A\ —A x r = A*, 
{A\ + Air)/ii = Ayi*, (di •+• /lir)/(A 1 — Air) = ni/p\. Write 
m 2 for ms/miJ i.e, t m — wii/n* Then for the interface, the trans- 
mittivitv is A\n/A\)i\ = 4 m 2 /(m 2 + 1)*; the reflectivity is (m 2 — 

l)V(m 2 + m 

Three media, plane parallel boundaries, normal incidence. 
Let m 2 = M 2 /mu m & = and / 2 and X 2 = thickness of medium 

2 and wave-length in it; then the transmittivity of the septum is 

I - n^Y)(m» - 1) . | 

<m * m ' + 1)1 L~ oJw, +w sm ttJ 


Acoustic resistivity (m) =* V&p\ velocity (v) = \Ze7p- Unit 
of E = 1 kg wt./mm 2 = 1422 lb. Wt./in.*;of p = 1 g/om a «= 62. 4 
lb./ft. s ; of v = 1 m/sec = 3.28 ft. /sec; of p = 10*g cm - * sec -1 = 
2.05 X 10* lb. ft,.' 2 sec."*. 


Medium E 

Steel.. ISTOOO 

Cast iron 9 500 

Brass i 6 .500 

Bronze I 3 200 

Lead 600 

Wood: Teak 1 600 

Fir 900 

Beech 600 

Water 200 

Rubber <1 

Air i 0 


900 

600 

200 

<1 

0.014 


7.8 
7.0 
8.4 

8.8 
11.4 

0.86 
0.45 
0.80 
1 0 
ca. 1 


5 010 1391 

3 650 255 
2 7.50 232 

1 890 166 
718 i 81 

4 270 37 

4 430 20 

2 710 22 

1 400 14 

<100 <1 

325 0 


81 9 
37 ' 

20 

22 

14 

<1 

0 004 


Air | 0 014; 0 00131 325 1 0,004 

• The numbera in this column have been slightly changed in order to make 
them accord with the tabulated values of E and p. 


Table 3. — Transmission of Sound through Septa Bounded by Air 

Quilts. — Soft, flexible, porous, highly absorbent septa (25). Log, a (/»//,) = £ + yU, where U = thickness of the septum and J : 
is intensity after passage through the septum. Unit of p = 1 g/cm J = 62.4 lb./ft. 3 ; of N = 1 v.p.s.; of 0 = 0.01; of y = 0.01 cm" 1 = 
0.305 ft." 1 . 


Material of septum 



Hair, loosely felted 0.14 

Plant fiber board, coarse 0.24 

Seaweed, quilted 0.11 

Plant fiber, soft, quilted 0.14 

Hair and asbestos fiber 0.40 

Hair and asbestos fiber 0.55 


N 


Covering 


None 

None 

Light paper 
Heavy paper 
Heavy paper 
Paper -f burlap 


128 


256 


512 


1024 


2048 




85 

71 

122 

60 


5 

25 

8 

35 

10 

25 

77 

20 

68 

29 

14 

67 

14 

58 

22 

17 

66 

14 

45 

23 

22 

130 

24 

122 

43 

36 

96 

34 

87 

63 


0 


35 

105 

33 

45 


7 


15 

41 

34 

55 

65 


0 


26 

10 

35 


7 


17 

70 

35 


50 108 


4096 


0 


48 

22 

30 

100 


80 

52 

123 



Wood , Glass, Steel (2 4). — Sound transmitted by forced vibrations 
of the septum: resonance may cause a large variation in trans- 
mission for a small variation in pitch. Tabulated values are 
averages for the 6 values of N of the preceding section. Each 
complete septum was 2.1 m by 0.79 m ( = 6.9 ft. by 2.59 ft.); I = 
thickness of septum. Unit of l = 1 cm = 0.394 in. 


Material 


Steel door 


Remarks 


h/Is 

1 pane 

0.63 

200 

4 panes each, 38 by 99 cm 

0.63 

282 

4 panes each, 38 by 99 cm 

0.47 

190 

Small, leaded panes 

0.47 

302 

12 panes, each 25.4 by 48 cm 

0.32 

140 


0.63 

1020 

Panelled, birch veneer 


74 

Solid, well seasoned 

4 45 

140 

Solid, damp 

4.45 

231 


Table 4. — Coefficient of Acoustic Absorption by 

Boundaries 

If I o is the intensity of sound in an enclosure, of volume V\ at 
some instant after the production of the sound' has ceased^t he 
intensity at a later time is /, = I 0 e ~ a9t/iV , where a = + 

a 2 sj + • • • ; si =» area of the boundary for which the coefficient 
of absorption is on; a &li = value of a for AT = 512 v.p.s.; a« p = 
average value of a for range N = 128 to 4096 v.p.s. For data for 
special commercial sound-absorbent materials, see ( 36 ). 

Masonry. — l mj l 0 = thickness of material, of coating. Unit of 
lm, L = 1 cm = 0.394 in.; of a 5 u, a« r = 0.01. 


Masonry ( 27 ). — Tabulated values are averages for 20 tones 
covering the range N = 128 to 4096 v.p.s.; each septum was 1.88 
m by 2.34 m ( = 6.17 ft. by 7.68 ft.); I\/h = Ka 2 s , approximately, 
where K = 0.0112 m«kg-*-» = 0.590 ft. 6 lb ~ 2 6 ; l h l?, I = thick- 
ness of tile, of plaster, of complete septum. Unit of h, Ip, l = 1 
cm = 0.394 in.; of <r = 1 kg/in 2 = 0.205 lb. ft. 1 


Finish 

Material 

U 

Unpainted 

Brick 

45 

Painted 

Brick 

45 

Smooth 1 

Brick + gypsum plaster 

45 

Smooth 

Clay tile + gypsum plaster 

10 

Smooth 

Gypsum block -f gypsum plaster 

7.6 

Smooth 

Lime plaster, wood lath and studding 


Smooth 

Clay tile + gypsum plaster 

10 

Rough 

Clay tile -f gypsum plaster 

10 

Rough 

Gypsum plaater, metal lath 

6.3 

Rough 

Gypsum plaster, metal lath * 

11.4 

Rough 

Lime plaster, wood lath and studding 

114 


3.1 4.0 (*•; 
1.7 1.9 (*«) 

1.5 1.2 1.5 (*•) 


2.2 3.4 (»•) 
4.4 3.6 (*•) 

1.8 2.9 (*«) 
2.0 2.8 (*«) 

4.9 4.4 (*»; 
4.7 3.6 (*•) 
4.7 3.0 (*•) 
•V4 1 SL0U*«> 


Material Remarks 


Gypsum tile Solid 

Gypsum tile Hollow 

Plaster iSolid, metal lath 

Gypsum tile Solid 

Clay tile Hollow 

Gypsum tile Solid, plastered 



5 .08 
7.62 


5.08 50.8 

7.62 54.3 

3.81 3.81 68.0 
7.62 7.62 69.5 

10.16 10.16 83.2 

5.08 3.16 8.24 104.8 1180 
7.62 3.16 10.78 124.2 1910 


Ix/h Ko'* 


206 


340 

468 

677 



Gypsum tile Solid, plastered 7.62 3.16 10.78 124.2 1910 

Clay tile Hollow, plastered 10. 16 3.16 13.32 141.0 2500 

Plaster Solid, metal lath 8.9 8.9 159.0 4000 

Plaster Solid, metal lath 11.75 11.75 204.0 




1923 

2640 

3570 

6660 


* Wood studding. 

Furnishings and Wall Coverings. — a determined by method of 
reverberation, unless another is indicated; u draped” = draped 
back one-fourth; l = thickness of covering, a = mass of covering 
per unit area. 1 cm = 0.394 in.; 1 g/m 1 = 0.00184 lb. /yd. 2 = 
0.000205 lb./ft. 2 ; unit of a = 0.01. 


Material Remarks a M , | Lit. 

Audience Closely seated 96 

Cork I = 2.54 cm 12 

Cork I = 3.8 cm 32* 






• • 

it 

- 






. 

•: 








■: 


¥ 


M 


a* 





m 




m 


if i 



1 1 
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Materia l 

Carpet 

Carpet 

Cheesecloth 

Chenille 

Coco matting.... 
Cotton draperies. . 
Cotton draperies . . 
Velour draperies. . 
Velour draperies. . 

Hugs 

Rugs 

Linoleum 

Felt 

Felt 

Felt 

Felt, loose 

Felt, loose 

Felt, loose 

Felt, wood fiber . . . 

Fiber board 

Fiber board 

Fibor board 

Fiber board 

Glass 

Wood sheathing. . . 
Cushions 


Table 4. — (Continued) 
________ Remarks 

l = 0.8 cm 

Brussels 
<r = 48 g/m 2 


Straight, a 
Draped, a 
Straight, a 
Draped, a 
Oriental 
Oriental 


330 g/m 2 
330 g/m 2 
580 g/m 2 
580 g/m 2 


Asbestos, l * 1.0 cm 
Asbestos, l = 1.9 cm 
Asbestos and hair 
Hair, l = 2.54 cm 
Hair, l = 2.54 cm 
Hair, l = 2.54 cm 
l = 2.54 cm, a = 1400 g/m 2 
Sugar cane, l =*. 1.1 cm 
Plax, l « 1.43 cm 
Sugar cane, l = 1.27 cm 
Wood, l « 1.27 cm 

Pine, l - 2 cm 

a 5l j varies from 54 to 76 


<*512 

20 

23* 

1.9 

23 

17 

9 

29 

10 

37 
29 
26* 
12 
35 
26* 

38 
52 
49 
51* 
57 
20 
28 
31 
31 

3 

10 

60 


Lit 

T 2 *) 

(34) 

( 26 ) 

(26) 

(30) 

(29) 

(29) 

(29) 

(29) 

(26) 

(34) 

(26) 

(26) 

(34) 

(26) 

(26) 

(29) 

(34) 
(29) 
(29) 
(29) 

(35) 
(35) 
(26) 
(26) 
(26) 


♦ Flue method. 


Table 5. — Absorbing Power of Objects 


Absorbing power 


Object 


Audience 

Chairs 

Chairs 

Church pews. . . . 

Pew cushions 

Opera chairs 

Opera chairs 


(a) of an object = as ( cf . Table 4). Unit of 
a * 0.01 m 2 « 0.108 ft. 2 


Remarks 


Per person 
Ash 

Wood, veneered 

Wood, per sitting 

Per sitting 

Seats upholstered 

Seats and backs upholstered 
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1 

3 

2 

13.5 to 19 
9 to 23 
14 to 19 


Lit. 


(26) 

(26) 

(29) 

(35) 

(26) 

(35) 

(29) 


Table 6. — Reverberation in Rooms 

Duration (T) of audible reverberation in a room of volume V 

and absorbing power a is T = ~ log. j = ~ log,„ where 

/o = average intensity of the sound at the instant its production 

ceased - — (1 - a ^ 4V ), where t = the time the sound has been 

continuously produced; i » minimum audible intensity. Assume 
v = 342 m sec 1 (» 1122 ft. sec -1 ) and t is so great that 7 0 =* 
4 p / Q v, and put 7\> - value of T when 7 0 /t - 10«; T l9 «. value of 
T when P/i = 10 10 m* sec" 1 ( = 35.3 X 10 10 ft.* sec" 1 ). Then if 

units are 1 m and 1 sec, 7\> = 0.161F/a, T l0 » 0.0269 -(8.07- 


logio a), and if units are 1 ft. and 1 sec, T 0 


0.049 — » and T l0 


For each of the 11 rooms considered below, T is considered 
satisfactory for the purpose indicated. Values of To and T l0 
are computed from V and the known values of a for the surfaces 
and furnishings, assuming N = 512 v.p.s. and that the audience 
fills the room to its capacity. Key = kev number of room. Unit 
of V = 1 m* = 35.3 ft, 3 ; of T 0 and T l0 = 1 sec. 

Key | Purpose ; V | Seats | T 0 ] T l0 (Lit. 

1 Piano I 74 to 0.95 to 1~07 to (*«) 

210 1.10 1.19 

2 ; Intimate drama.... 1 700 300 1.20 1.14 ( 26 ) 

3 Drama 5 900 1 670 1.51 1.23 (35) 

4 Orchestra 11 500 1 600 2.35 2.02 ( 26 ) 

5 Music, speech 12 200) 1.70 1.41 (33) 

2.33 1.92 ( 26 ) 

1.51 1.23 (l») 

2.40 1.96 (2») 

2.08 1.66 (36) 

1.70 1.33 (33) 

1.90 1.48 (29) 


2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


Orchestra 18 400 2 600 2.33 

Opera 14 200 2 350 1.51 

Orchestra 20 600 2 300 2.40 

Orchestra 22 400 3 340 2.08 

Orchestra, speech... 22 600 5 000 1.70 

Music, speech 26 200 3 640| 1.90 


1.10 

1.20 

1.51 

2.35 

1.70 


(26) 

( 35 ) 

(26) 

(33) 

(26) 

(29) 

(29) 

(35) 

(33) 

(29) 


Key Numbers and Locations of Rooms Studied 


Key 

~T~ 


6 

7 

8 
9 

10 

11 


Name and location 

New England Conservatory, Boston (5 small 
rooms) 

Little Theater, New York, N. Y. 

Apollo Theater, Chicago, III. 

Gewandthaus, Leipzig, Germany 
Academy of Music Opera House, Brooklyn, 
N. Y. 

Symphony Hall, Boston, Mass. 

Opera House, Boston, Mass. 

Masonic Auditorium, Cleveland, Ohio 
Eastman Theater, Rochester, N. Y. 

Hill Memorial, Ann Arbor, Mich. 

Auditorium Theater, Chicago, III. 


0.0082 -(9.10 - log]* a). 
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As the determination of the velocity of sound is beset by many 
difficulties, the values obtained by different observers under 
nominally identical conditions are frequently quite different. 
Hence, it has seemed best to give either the individual obser- 
vations, if few, or the simple average of all, if many (occasionally 
excluding a few that are markedly discordant); and, when data 
corresponding to each of a series of values of a single variable are 
available, to give, if possible, the coefficients of a simple empirical 
equation that represents the series within the estimated experi- 
mental error. Such an equation should not be used beyond the 
indicated limits. The averages and coefficients have been deter- 
mined for these tables; the literature references indicate merely 
the sources of the data upon which they rest. Wherever given, the 
deviations from the equations refer to the deviations of the values 
derived by the authors, not necessarily of the individual 
determinations. 

SYMBOLS 

t Temperature, °C. 

T , Absolute temperature, absolute temperature of 0°C. 

V Velocity of sound in an unlimited volume of the medium, 
except in Table 7 where it is the observed velocity in the 
confined gas. Subscripts ( e.g V <) indicate the temper- 
ature, or tho temperature and pressure, to which V 
refers. 

RELATION OP VELOCITY OF SOUND TO VARIOUS 

FACTORS 

Pitch. — For frequencies up to 800 000 per sec, the velocity in 
free air and in free illuminating gas has been found to be independ- 
ent of the pitch ( 22 > 58 ). For air and CO s , sec ( 71 ). When a 
gas is confined in a tube, the velocity is less than in the free gas, 
but approaches that as the frequency is increased; see Table 7. 
In liquids also, the velocity is independent of the pitch unless the 
viscosity is very great and the frequency is very high; in going from 
43 000 to 600 000 per sec, the velocity in water decreases only 5 % 
( 8 ). In glass rods, the velocity of transverse waves increases 
with the frequency and with the diameter; an increase from 400 
m/sec to 2 400 m/sec has been observed when the frequency was 
increased from 285 000 to 455 000 per sec 

Intensity. — Even at ordinary intensities, the velocity is only 
approximately independent of the intensity, and at great inten- 
sities it is far from such independence, the velocity increasing with 
the intensity ( 9 » 28 » 32, 50 * 6 *> 62 > 72 » 73 » 83 » ® 7 » * 02 » * 09 ). 

The effect of the motion of the medium ( q.v .) must be considered. 


IiNlI ALTSVERZE1C1IN18 INDICE f ‘ 

Zeichen. Simboli 461 

Beziehung der Geschwindigkeit Rapporto della velocity con 

zu verschiedenen Faktorcn. altn fatten 161 

Geschwindigkeit des Schalles Velocity di propagazione 
in: delsuonoin: 

Freier Luft. Aria libera 461 

Gasen und Diimpfen: Gas e vapori: 

Bei bestimmter Tempo- A una data tempe- 

ratur. ratura 462 

Anderung mit der Tempe- Variazione con La tern- 

ratur. peratura 463 

Flussigkeiten. Liquidi 464 

Natiirlichen Wassern. Acque naturali 464 

Festen Stoffen. Solidi 465 

Geschwindigkeit des Schalles in Velocity di propagazione 
Gasen innerhalb von Rbhren. del suono nei gas rac- 

chiusi in tubi 466 


Velocities ranging from 331 to 1270 m/sec in air (32, 72, 1°0), 
and from 1400 to 2013 m sec in water ( 96 ; have been observed. 

Medium . — Unless the intensity is great, the velocity of sound 
with reference to the medium is quite approximately given by the 
equation V 2 = E/d , where E is the adiabatic volume elasticity, 
and d is the density of the medium. In general, both E and d vary 
with the temperature, pressure, and composition of the medium. 
For an ideal gas, E = yp, and V t = V 0 T/T 0 is independent of the 
pressure; y = ratio of the specific heats. For many actual gases 
an equation of the form V 2 t ,p = VVpfl + at ~b bt 2 ) represents the 
observations within their experimental error; a will usually differ 
from l /T 0 . Irons ( 47 ) concludes that the best general equation 
is V = a 4- bT n , where n is near 0.5 and varies with the com- 


plexity of the molecule. 

Velocity of Medium. — When the medium is streaming with 
reference to the observer, the apparent velocity of the sound is the 
sum of the normal velocity und that component of the mass veloc- 
ity of the medium which is in the direction of the line joining the 
source and the observer. The wave-front of the sound wave from 
a gun is a circle with a moving center ( 6 7 ) ; if the distance measured 
along the axis of the gun from the muzzle to the wave-front is x, 
then x«=WH-a( 1 — e ~ br ), where V is the normal velocity, and 
r is the time since the initiation of the wave. The apparent 
velocity is dx/dr = V 4- abe~ br . For a 10-inch gun firing a 
service charge, a = 22 m, and b = 27 sec" 1 ( 67 j; see also ( 48 ). 

Velocity of Source. — Giving the source a velocity of 85.5 m/sec 
with reference to the medium and observer, relatively at rest, 
produces no change in the velocity of the sound (*)• 

Radiation. — Under the action of X-rays an increase of 5 % in the 
velocity in 0 2 and N 2 , and a greater increase in H* have been 
observed ( 5S ). The action of ultra-violet light on 0 2 forms ozone 
and decreases the velocity. Radiation from Ra produces no 
change. Velocity in argon is unaffected by radiation ( 92 ). It 
has been suggested .that the effect upon the velocity arises, in 
general, from a change in the ratio of the specific heats ( 20 ). 

Topography. — The apparent velocity in free air is affected by 
the local topography and altitude ( ,0 » 59 » 8S ). 


Table 1. — Velocity of Sound in Free Air 

The following data refer to dry air. The presence of water 
vapor increases the velocity. If e = pressure of water vapor 
present in air at L>arometric pressure p, then 
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where I'd and T \ — velocity in dry and in humid air of the same 
temperature, and y a and y w =* ratio of specific heats of air and of 
water (88). Observed values (™) of V h at 75 % of saturation and 
over rs ge —14 to -f27°C are significantly greater than those 
computed by means of this equation, the value at 21.85° being 
353.0 m/sec while the values computed for 50 % and 100 % are only 
345.6 and 346.2, Vd being taken as 344.7, which corresponds to 

To = 331.7. Unit of 1 = 1 m/sec; of p = 1 atm * temperature = 
°C. 

Velocity (To) at 0°C , and 1 Atm. 

It has been noticed (33) that, from 1738 to 1919, there seems 
to be a progressive decrease, totaling about 0.3 %, in the recorded 
values of T 0 , suggesting a slight change in the constitution of the 
atmosphere. This decrease has not been considered in taking the 
following averages. In the table are given (a) the unweighted 
averages of the recorded values grouped roughly according to 
method used; (6) the weighted average of all values obtained prior 
to 1902 ( 74 ); and (c) the average of the 1902 average and the best 
values obtained since then f 33 ). 

Method | Range T 0 Lit. 

Gun fire 330.7-332.4 1331.4 


Pipes and tubes 330.0-331 .9* 331 . 1 


Other methods 331 . 3-332 . 1 

Weighted mean prior to 1902 



* ¥ 

Weighted mean to 1927 331.45 ( 33 ) 


Lit. 

(2, 3, 10, 12, 30, 34, 
67, 68, 72, 90) 

(6, 22, 23, 26, 57, 72, 
80, 88, 101, 102, 
105, 

(39, 40, 59, 94, 95) 
(74) 



- 200 * 0 

Fio. 1. — Excess of observed velocity in air above that calculated by 
means of the equation 

V, = 330.6V 1 +0.0037b7T- 1.256/M0- 7 

1. Average of several observers. 

2. Ciccono and Campanile ( ,7 ). 

3. Cook, and Witkowski and Cook ( ,9 » ,07 ), values at -136° and -104°, 
3.55 % and 3.42 % low, lie below the bottom of the figures. 

4. Dixon, Campbell, and Parker ( aa ). 

5. Dulong (*•). 

6. Esclangon ( a# ). 

7. Greeley ( a *>. 

8. GrOneisen and Merkel (*•). 

9. Low («*). 

10. Stevens (■•). 

11. Strecker ( S1 ). 

12. Zoch (»» a ). 

Variation of V t with Temperature 
The recorded values between —181 and -f 1000° are represented 
by the equation 7, = 330.6Vl +0.003707/ - 1.25& 2 X 10” 7 X 

(I 4-8), where 5 has the values shown in Fig. 1; with two excep- 
tions, the extreme range of 5 is from — 1.83% at —181° to +1.42% 



at -45.6°, and between 0 and 700° the range is from -0.43 

to +0.29%. 

0 

Variation of V t with Pressure (52, 107)* ^ (53, 89) 


A s (T p - 7,) 


-140 


T i, temperature constant, 
of A « 0.01 

— 103.5°| — 79.3°i — 78.5 C 


_V_ 

20 

25 

40 

50 

60 

75 

80 

100 

100 

125 

150 

175 

200 


-16.81 - 3.1 


- 5.8 


-1.7 


- 1.8 


- 0.2 


-i 8 


-3.2 


-2.5 


+ 12.8 

+22.7 

+33.4 

+45.4 

+56.4 


Unit of p = latm.; 
-35° | 0°C \~UT 

~— 0.3 - 0.1| (107) 

4- 0.8 («) 
-0.3 + 0.5 (l° 7 ) 
+ 2.2 (82) 

0 + 1.8 ( 107 ) 

4- 4.1 (52) 

+ 1.3+ 3.5 (107) 

4 - 6.0 ( 107 ) 

4- 6.4 (52) 
4-9.5 (52) 
4-13.2 (52) 
4-17.3 («*) 


I I +56.4 1 | ( + 19.01(52) 


Table 2. — Velocity of Sound in Gases and Vapors: On* 

Temperature 

(For variation with temperature, see Table 3.) Temperature - 
t y °C; pressure = 1 atm.; A 0 = average departure of observed 
velocities from the value tabulated; if no value given forA a , there 
is but one acceptable determination. The symbols serve merely 
to identify the gases, and give no indication of their molecular 
states. Unit of 7 = 1 m/sec; of A fl «= 1 % of 7. 


Gas I t 


Air 


See Table 1 


Br 

Ca 

Cl. 

H. 

He 

Hg 


K... 

N. .. 

O. .. 

h 2 o 

HC1 . 

HBr 

HI.. 

IC1. 

IBr 

S0 3 . 

HjS. 

NO. 

NjO. 

NIL 

CO. . 

C0 2 . 


0 

0 

850 

0 

0 

0 

330 

0 

850 

0 


307.8 

135.0 
652 

205.8 
1261.7* 

971 

187. Of 
107. 7f 
652 

337.7 

316.2 
401 

295.2 

199.8 

157.1 

135.4 

120.4 

209.2 

289.3 
325 
260.6 

414.8 

337.4 
259. 3 t 


SiF< 


Lit. 


0.2 (23, 45) 

(91) 

(104) 

0.2 (•«,•!) , 

0.3 (21, 16, 19, 72, 75, 52) 

(78) 

(54) 

(91) 

(104) 

0.1 (11, 23, 75, 79, SO) 

0.3 (26, 75) 

(65) 

0.4 (65,80,91) 

(91) 

(91) 

(91) 

(91) 

0.1 (65, 80) 

(65) 

(65) 

1.3 (*8, 64, 72, 90, 112) 

0.2 (65, 80, 112)' 

0.1 ( 80 ,”*) 

0.6 (11, 23, 26, 45,64, 65, 

80, 112) 

(65) 


0 167.4 | | ( g8 ) 


* Values 1238 (»*), 1226 (•<>), and 1288.0 («* a ) have been ignored 
t At pressure of saturated vapor. 

X Zoch (*> a ) finds 281.9. 


Formula 


CCL 

CS 2 

CHC1, 

CH 2 C1 2 


Name t 


Carbon tetrachloride 77 

Carbon disulfide 0 

Chloroform 20 

Methylene chloride 43 


7 


150.2 

195.0 

155 

175.9 


A. 


Lit. 



(56) 

( 8 ) 

( 5 ) 

(36) 
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Table 2. — (Continued) 


Formula 

Name | 

t 

V, 1 

A„ | 

Lit. 

ch 4 

Methane 

0 

430 5 

0.3 

(23, 65) 

ch 4 o 

Methyl alcohol 

07 

341.2 


(56) 

C*N 2 

Cyanogen 

0 

229 . 5 


(65) 

c 2 h, 

Acetylene 

0 

327.5 1 

0.2 

(45, 80, 

c 2 h 4 

Ethylene 

0 

317.0 

0.5 

(26, 45, 65 






80, 112) 

c 2 h 4 o, 

Acetic acid 

136 

209 


(88) 

c 2 h 6 

Ethane 

0 

i 303.0* 



c 2 h 6 o 

Ethyl alcohol 

° 

230 . 6 


(65) 

CaHeO 

Ally l alcohol 

95 

218.5 


(36) 

C,H*0 

Propionaldehvde 

50 

258 . 3 


(36) 

c,h 6 o 

Acetone 

58 

208 . 4 


(36) 

c 3 h 6 o 2 

Propionic acid 

146 

232 


(56) 

C 4 Hs0 2 

Butyric acid 

•158 

222 . 2 


(56) 

c 4 h 8 o. 

Isobutyric acid 

150 

208 . 4 


(56) 

c 4 h 8 o 2 

Ethyl acetate 

! 76 

208 . 1 


(56) 

C 4 H,oO 

Ethyl ether 

1 0 

180.6 

0.8 

(5, 65) 

C 4 H,oO 

Butyl alcohol 

82 

225 . 6 


(56) 

c 6 h 10 o 2 

1 Valeric acid 

|169 

218.4 


(56) 


Table 2 . — (('onl i n ued ) 


Formula 

Name 

[ t 

[ r, 

* A 
) -*'4 

Lit. 

C»H , i 

Pentane 

. . 1 4.1 

191.5 

[ 

(24) 

C 4 H,aO 

Amvl alcohol 

4 

1 36 

'218.8 


(56) 

CfiHc 

Benzene 

15 

: 1 93 

| 


(5) 

CeHn 

Hexane 

80 

,184.2 


(24) 

c 8 h„,o, 

Isobutvl butyrate . 

• • 

157 

184.3 i 


(56) 

C.oIGoOe 

Isoainvl valerate. . 

166 

j 157.2 


(56) 


Benzine 

90 

200 


< 2 *) 


Coal gas. 

0 

} 500 f 


(58, 1 1 3) 

1 

Coal gas 

13 ' 

6 453 

( i 


(22) 


Gasoline. 

50 

171 3 

I 

• 

(36) 


Mixed Gases I 24 ), 2Cl°C; volume %. 


% h 2 

1 

% o, 

[ r | 

, 

*«! 

% 

C0 2 

67 

/(J 

Air 

V 

% 

n 2 

% 

CO 

V 

i 

56.4 

43.6 

474.2 

61.2 

38.8 


424 . 8l 

J 

83.8 

16.2 

351.8 

51 6 

48.4 

453.5 

34.1 

65.9 

* 

328 . 5 

39.4 

60.6 

351.6 

21 .0 

79 0 

364 . 7 

51 2 

43 5 

5.3 

389 . 2 





* Deduced from observations at various temperatures; cf. Table 3. He use 
(48, gives Ft = 378. t Low ( 58 ) finds 490 to 515; Zoch (> l3 ) gives 490.4. 


Table 3. — Velocity of Sound in Gases and Vapors: Variation with Temperature 

The empirical equation V = V'y/T~+ a/Xo^M 1 i3tn0~« should not be used beyond th<5 “range” indicated; when 0 is not zero, its 
value is given in a foot-note. A 0 = average departure of the submitted data from the value given by the empirical formula. The 
pressure is not always explicitly stated by the observer; it is assumed to be 1 atm. unless another value is indicated. Unit of V' = 1 
m/sec; of A„ = 1 % V' . Temperature = /, °C. 



Symbol 



Air, v. Table 1 





A 

Argon • 

307.8 

3.67t 

0° to 1000° ' 

0.1 

Hg 

Mercury* 

O0 

II 

© 

« ■ 

1; Vuo = 208.1 


I 

Iodine* 

1 107.7 

3.93? 

0° to 290° 

0.9 

N 

Nitrogen 

337.7 

3.58c 

0° to 1000° 

0.1 

O 

Oxvcen 

316.2 

3.78i 

-184.7° to 21° 

t 

Oxygen 

300.8 

3 . 652 

-184.7° to -28.4° 

1.0 

H,0 

Water 

Vo = 

• 401; Vn 

= 402; V u = 410 



Water 

V no — 413;* V 120 — 

417.5;* V iao = 424.4* 



Water 

v 

ioo — 471,5 

j V iooo = 853.9 


NH, 

Ammonia 

414.8 | 

3.716 

0° to 86° 

o.l* 

N,0 

Nitrous oxide • • • i 

V"i 4 . 6 = 264.6; Keoo = 446.9 


CO* 

Carbon dioxide ' 

258 . 0 

3.63o 

0° to 1080° 

0.0J 


Carbon dioxide 

258.4 

3.534§ 

0° to 600° 

0.0 


Carbon dioxide 

i v 

,5 = 264.7; 

i V mo = 523.4 


CS, 

Carbon disulfide 1 

j 195.0H 

2.12c 

| 0° to 70° 

0 * 

CHC1* 

Chloroform 

Von = 155: r 6J = 144.5; Vy> = 163; P 89 . 8 = 

171.4 

V-/ V/ ■ J 

ch 4 

Methane 

430.5 | 

2.857 

0° to 600° 

0.2 

ch 4 o 

Methyl alcohol ; 

V c7 = 341.2; P 77 = 

a ■ 

325.7; Vn., = 350.3* 


c,h 4 

Ethylene 

317.0 

3. 142 § 

O 

o> 

00 

o 

o 

o 

0.1 

C,H« 

Ethane 

303.0 

3.304 

10° to 100° 

0.1J 

C,HeO 

Ethyl alcohol 

230.6 

4.10 

0° to 99.8 

1.1* 

C 4 H I0 O 

Ethyl ether 

180.6 

1 . 25o § 

0° to 100 

0.4* 

c 4 h 10 o 

Butyl alcohol 

V 

’» = 225.6: 

; Fn« = 235.4 


CvHu 

Pentane 

163.9 | 

10 . 16§ | 

43° to 86° 

0.1 

CeH fl 

1 Benzene * • • • 

Vn = 

= 193; F*> = 

= 200; F.oo = 205 



(23, 45) 
56 


(54, 56) 


(56, 88, 91) 

(1 1, 23, 75, 79, 80) 
(19, 26, 75) 

(19) 

(49, 65) 

(98) 


(82) 


(24, 65, 


80 


112 ) 


(82) 

( U ) 

(23) 

(82) 


(5, 56) 


(5, 36, 88) 
65 


(23, 65) 


(24, 56, 88) 

(24, 26, 45, 65, 80, 112) 

(23) 

(24, 56, 65, TO, 88) 

(5, 24, 49, 65, 93) 

(56) 

(24) 

(5, 24, 88) 


* At pressure of saturated vapor. 

t For 0° 21° and —184.7°, A. - 0.2; at —28.4°, —66.5°, and —137.3° computed F too great by 5.5 %, 3.4 %, and 4.1 %, respectively. 

X The following values have been omitted: NHi, Fo = 407.4 ( 33 ), low 1.8 %. CO*, Vto = 257.3 (»«). - 259.8 (»>). low 3.7 % and 2.7 %. CS*. F# - 189 
(••), V it - 187.7 (*•), low 3.1 % and 8.3%. C*H«, Vo - 378 («*J. high 25%. C*H 4 0, V*» - 235.7 («•), low 6.6%. CJiioO (ether). Fir - 175.9 (••) and 
Vu - 180.0 (»•), low 4.0 % and 3.8 %; Vu = 192.8 (»•; and F,» - 194.4 (™), high 2.8 % and 3.5 %. 

I Values of 0: CO*, -0.210; C*H 4 , 24.6; C 4 H>oO (ether). 25.0; C»His, -37.6. 

|] Ft*.* - 223 2 (••). high 4.4 %; at pressure of saturated vapor 
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Table 4.— Velocity (7) of Sound in Liquids 

Pure liquids; aqueous solutions; ill-defined liquids. In column 
C is given either the density (g/cm») or the wt. % of the solute; 
temperature = t, °C. Unit of V = 1 m/sec. 

Pure Liquids 


Symbol 

Substance 

t 

v t 

J Lit. 

Hg 

Mercury 

20 

1407 

( 13 ) 

H 2 0 

Water, distilled, air-free 

15 

1447* 

(25) 



4 

1419.2 

(13) 



21.5 

1483.6 

(13) 


Water, pure 

15 

1433 f 

(64) 


Natural waters, v. Table 5 




HNOa 

Nitric acid 

15.5 

1518 

(25) 



16 

1425 

(76) 

cs, 

Carbon disulfide 

15 

1161 

(25) 



20 

1160 

(76) 

CHC1, 

Chloroform 

15 

983 

(25) 

CHjNOj 

Nitromethane . . .' 

21.0 

1360 . 5 

( l4 ) 

ch 4 o 

Methyl alcohol 

19.0 

1143.2 

( l4 ) 

C*HeO 

Ethyl alcohol 

8.4 

1264 

( 64 ) 



15 

1275 

(76) 



23 

1160 

(105) 

C,H e O 

Acetone 

20.5 

1189.4 

(I 4 ) 

C 4 H 10 O 

Ethyl ether 

0 

1152 

(64, 105) 



15 

1024 

(25, 76) 

CbHijO 

Amyl alcohol 

20.0 

1269 8 

(14) 

CsHsCl 

Chlorobenzene 

17.0 

1315.4 

( 14 ) 

CeHsNO, 

Nitrobenzene 

17.5 

1506.1 

( 14 ) 

CsHs 

Benzene 

16.3 

1170 

(76) 



17 

1166* 

(25) 

C»H 7 N 

Aniline 

20.8 

1675.7 

( ,4 ) 

C«HijOa 

Paraldehyde 

21.5 

1202.4 

( l4 ) 

CeH 14 

n-Hexane 

21.0 

1111.7 

( l4 ) 

C 7 H 7 NOJ 

o-Nit rotoluene 

20.5 

1482.0 

( 14 ) 

C 7 H. 

Toluene 

20.5 

1327.2 

( 14 ) 

CtHsO 

m-Cresol 

21.5 

1492.5 

( 14 ) 

CtH.N 

o-Toluidine 

21.0 

1644.8 

( 14 ) 


m-Toluidine 

21.6 

1602.4 

( 14 ) 

CsHio 

Ethylbenzene 

20.0 

1351 0 

( 14 ) 


Aqueous Solutions 


Solute 


t 


V t 


Lit. 


HC1 


H*SO 


NH, 


CjHiOH 


ZnSO« 


CuS0 4 


Fe80 4 

CaCl,. 


1.207 

7% 

31% 

63% 

92% 

2 . 8 % 

7.3% 

17.5% 

23% 

0 880 
11 % 
95% 
95% 

8% 

30% 

41% 

1.0663 

1.1238 

1.1615 

1.104 

1.0661 

1.1271 


15.5 
16 

18.5 
19.7 

19.6 

20.6 
15 
15 
15 

15 
10 

1 i 

12.5 

20.5 

16 
13 

17.5 

21.5 
21.5 

21.5 

16.5 

21.5 
21.5 


1518 
1455 
1455 
1475 
1380 
1280 
1440 
1470 
1540 
1635 
1 663 
196 
1241 
1213 
1445 
1465 
1510 
1513.0 
1538.5 

1562.3 
1485 
1546.9 

1601.3 


( 25 ) 

(76) 

(76) 

(76) 

(76) 

(76) 

(76) 

(76) 

(76) 

(76) 

( 25 ) 

(64) 

( 25 ) 

( 25 ) 

(76) 

(76) 

(76) 

( 13 ) 

(13) 

(13) 

(76) 

(13) 

( l3 ) 


Aqueous Solutions. — (Continued) 


Solute C 

CaCl 2 . — (Continued) | 1 . 1942 

43% 

BaCl, | 1.0662 

1.1256 

1 . 1970 

NaCl I 10 % 

15% 
20% 
Cone. || 
Cone. || 
1.0662 
1 . 1259 

1 . 1971 

Na 2 S0 4 | 5.3% 

6% 
11.7% 
11.8% 
Cone. || 
Cone. 

NaNOi | Cone. 

Cone. 

NajCOj Cone. 

KOH 12% 

19% 

29% 

KNO, I Sat. If 


t_ 

21.5 

22.5 

21.5 
21.5 
21.5 
15 
15 
15 

14.7 

18.1 

21.5 

21.5 

21.5 

18.6 
19.4 

17.3 
20 
19 

14.7 

15.3 
20.9 
22.2 

15.7 
19.1 

19.7 

14.4 


Y± 

1672.0 
1980 

1503.6 
1524.4 

1547.6 
1470 
1530 
1650 
1661 
1561 

1586.1 

1676.1 

1784.6 
1491 
1474 
1508 
1525 
1584 
1528 
1650 
1670 
1594.4 
1430 
1580 
1620 
1515 


lit. 

(13) 
(108) 
(13) 
(13) 
(13) 
( 25 ) 
(25) 
(25) 
(64) 
(105) 
(13) 

( 13 ) 

(13) 

(76) 

(76) 

(76) 

(105) 

(105) 

(64) 

(64) 

(105) 

(105) 

(76) 

(76) 

(76) 

(64) 


Undefined Liquids 


Liquid 

t 

v t 

Lit. 

Gasoline 

7.4 

1395 

(.4) 

Petroleum 

7.4 

1395 

(«4) 


15 

1326 

(«4) 

Turpentine 

3,5 

1371 

(44) 


15 

1326 

(25) 


24 

1212 

(105) 


* Vi - 1398 + 3.28 1 from 13° to 31° (**). 
t Vt - 1383 + 3.33 1 from 3.9° to 25.2° (•«). 
t Author calla it "Ben*in," does not give formula. 

|| Described as "concentrated;" perhaps saturated was meant, 
H Saturated solution. 


Table 5. — Velocity ( V ) of Sound in Natural Waters 

In all oceans, the average vertical velocity for depths of 3.5 to 
8.0 km is 1528 to 1529 m/sec; for lesser depths, it is less; values 
computed from density and adiabatic compressibility by method 
of Heck and Service ( 41 ) may differ by 20 m/sec from th. Huai 
value ( 41 ). Unit of V = 1 m/sec; of depth = 1 m; tempera*ure 

= t, °C. 


Water 

| Depth | Salt 

| t 


JUT 

Lake Geneva 



8.1 

1435 

(18) 

Seine River 



15 

1437 

( 100 ) 




30 

1528 

( 100 ) 




50 

1652.2 

( 100 ) 




60 

1724.7 

( 100 ) 

Ocean: Horizontal Velocity 




Open ocean 

13 

3%* 

14.5 

1503.5 

(63) 

Block Island Sound, N. Y 

30 

3.35% 

3.0 

1453 3 

(* 7 ) 

Long Island Sound, N. Y 

30 


13 

1492.3 

(28) 

Isle of Wight 


3.51% 

6 

1474 

(no) 


^5 

3.52% 

7 

1478 

(HO) 


|3.5% | 

16.95 

1511 

(IIO) 










VELOCITY OF SOUND 
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Table 5. — (Continued) 


Water 

Depth) 

Salt 

t 

V j 

| Lit. 

, Ocean: Vertical V< 

ilocihj 



North Atlantic 

1288 



1520 

(41) 

Caribbean Sea 

338 



1478 

(41) 


1771 



1486 

(41) 

Pacific 

1185 



1505 

( 41 ) 


I 2962 



1 493 

HI) 

All oceans 

1 3500 to SOOn 


1528 

(41, 


* Density at =• 1.02L'> p cin\ 


Table G. — Velocity ( V ) of Sound in Solids 

Pure metals; alloys; papers, fabrics, and skins; woods; miscel- 
aneous. Either room temperature or t, °C\ Unit of V = I 


i -i sec. 


Metals 

t 1 

V 1 

Lit. | 

1 Metals 

i t 

i 

Lit. 

P u rc 

Metals 


*0 

s: 

*■■■ 

;. — (Continued) 

Ag 

1 

2645 

(65) j 

i Pd 

10 

3074 

(105) 


18 2608* j 

(105) : 

1 


3257 

(65) 


10; 2678 1 

(105, 1 

1 Pt 

(?) 

2792 

(65) 


20 2678f 

(105) 


20 

2690 

(105) 


100 2640 f 

I (105, j 


100 2570 

I 

(105) 


200 

2480 f 

(105) 

i 

200 2460 

(105) 

Al 


5105 

(65) 


182688* 

(105) 

An 

(?) 

'M 

OO 

o 

(65) 


1027361 

(105) 


10.21 1 2 1 

(105) 

Sn 

13 

2490 

(35) 


20;1743* 

| ( 105 ) 



2490 

(16) 


100 

1720* 

(105) 

| 


2640 

(65) 


200 

1735* 

(105) 

Zn 

13 

3681 

(35) 

Cd 


2307 

(65) 



3699 

(65) 

Co 


4724 

(65) 

1 Alloys 


On 

20 

3560 

(105) 

Brass 


3479 

(65) 


1003290 

(105) | 



3617 

(54) 


•200 

2950 

(105) 



3235 If 

(105) 


(?) 

3825 

(65) 

Steel 

See above 

, Fe 



3984 

(16) 

| 

I 




Fe 

20 

5130 

(105) 






100 

5300 

(105) 






200 

4720 

(105) 

- 

x 

V 

Lit. 


(?) 

5016 

(65) 

Zn-Sn 

0 

3681 

(35) 


154913 

(105) 

(13°C,xatoms 

1 

3338 


Steel 

18 4982 1 

(105) 

1 Sn to 5 

2 

3195 



10 

4940 § 

(65) 

atoms Zn) 

3 

3100 




5093 § 

(54) 


4 

3032 



20 

4990 1| 

(105) 


5 

2980 



100 

4920|| 

(105) 


6 

2940 



200 

4790!| 

(105) 


7 

2898 


Mg 


4602 

(66) 


8 

2850 . 


Ni 


4973 

(65) | 


9 

2785 


Pb 


1322 

(65) 

1 

10 

2710 



18 

1229* 

(105) 

| 

i 

1 

03 

2490 



Papers, Fabrics , Skins ( 66 ) 

The velocity in a given specimen depends upon the tension. 
All the membranous materials were cut in strips 15 mm wide (( 66 ), 
p. 575), but neither their thicknesses nor the diameters of the cords 
are stated. The velocity was observed while the strip, or cord, 
carried a longitudinal load of w kg. 


Material 

w 

V 

Cord* Cotton 

1 

1425 • 

Linen i 

1 

1815 


2 

1942 

Oilcloth 

1 

559 


Papers , Fabrics , Sk 

ins. — (Co rd i n ued ) 


Material 

l W 

1 u 

Paper: Blotting 

0 

5 

| 1627 

Parchment 

0 

t 

2198 

Silvered 

j 0 

6 

2575 

Straw 

; 0 

5 

1617 

Tissue 

0 

1 

1 989 

Tracing 

1 0 

7 

2278 

Writing 

! o 

o ! 

2 1 07 

Parchment: French 

j 2 


I860 

German 

( 1 

5 < 

1636 

Satin ribbon 

| 1 

| 

2015 

Sheepskin 

0 

1 

471 


Woods 

V h V r , V e = velocity parallel to grain, radial velocity, circum- 
ferential velocity; unit = 1 m/se^. d = density; unit = 1 g em 3 . 


Wood 

1 d 

r 

* <* 

Vr 

1 

Lit. 

Ash 


1 260 

1 390 

4670 

(105) 





4272 

(40) 


0 . 562 



3657 

(46) 

Beech 


1415 

1840- 

3340 

(105) 





3412 

(66) 

Cedar 

0 . 455 



3975 

(46) 


0 465 



4926 

(46) 

Cherry 




4410 

(46) 

Elm 


1013 

1420 

4120 

(105) 

Fir 




5256 

(86) 





4179 

(66) 

Fir: Red 




4274 

(46) 

White 




4640 

(46) 

Mahogany 




4135 

(46) 

Maple 




4110 

(105) 

Oak 




3381 

(66) 

Oak: Red 




4180 

(46) 

White 




4316 

(46) 

Pine 




3320 

(in 5) 

Poplar 




4280 

(105) 

Sycamore 




4460 

(105) 

Walnut I 




4781 1 

(46) 


M iscclla n terns Materials 


{ 530 *1^ F ranges from 430 to 530 m/sec 

Material 

t 

V 

| Lit. 

Beeswax 

! 15 

880 

(86) 


16 

863 

(103) 

• 

| 28 

450 

(86) 

Brick 

[ 

3652 

(16) 

Caoutchouc, vulcanized: Black 

0 

54 

( 3I ) 


50 

30.7 

(31) 

, Red 

0 

69.3 

(31) 


57 

36.6 

(31) 


70 

33.9 

(31) 

Gray 

0 

43.2 

(31) 


45 

32.3 

( 31 ) 

Tubing 


27 

(86) 

Very hard . . . 


150 

(86) 

Core 


430 

(86, 



530 


Ebonite 

15 

1573 

( ,s ; 

Gelatin 


1364 

(“) 



1620 


Glass 


5991 

(86) 



5060 

( 54 ) 


16 

5202 

(103) 
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Miscellaneous Materials. — ( Continued ) 


Material 

t 

V 

Lit. 

Glass: Soda 


5000 

♦ * 



5300 


Flint 


4000 

** 

Granite 


3950 

( 37 ) 

Ivorv 


3013 

0 7 ) 

Marble 


3810 

( 37 ) 

Paraffin 

6.1 

1522 

( 84 ) 


16 

1304 

( 103 ) 


17.3 

1419 

( 84 ) 


21.6 

1325 

( 84 ) 


25.2 

1192 

( 84 ) 


27.8 

1035 

( 84 ) 


29.3 

851 

( 84 ) 


30.5 

748 

( 84 ) 


32.9 

470 

( 84 ) 


35.3 

250 

( 84 ) 

Rock (+700 m/sec) 


2500 

( 4 ) 

Sand (+600 m/sec) 


2000 

( 4 ) 

Sealing wax 


1320 

( 86 ) 

Shellac, white 


1320 

( 86 ) 


8.7 

1009 

( 84 ) 


26.3 

869 

( 84 ) 


40 

762 

( 84 ) 

Slate 


4510 

( 37 ) 


4.9 

1517 

( 84 ) 

Spermaceti 

33.1 

1091 

( 84 ) 

Stearin 

16 

1378 

( 103 ) 


16.1 

1354 

( 84 ) 


33.6 

1181 

( 84 ) 


48.2 

911 

( 84 ) 

Suet 

18 

460 

( 86 ) 

Tallow 

16 

390 

( 103 ) 

Tuff 


2850 

( 37 ) 

Wax ( v . Beeswax) 





* Soft. 

t Hard. 

X Mild steel. 

§ Blue tempered steel 


|| Cast steel. 

If Unannealed. 

** Various observers. 


Table 7. — Velocity of Sounds in Gases Confined in Tubes 

The velocity of sound in a gas contained in a tube depends upon 
the heat conductivity of, and the velocity of sound in, the material 
of the tube, upon the viscosity and the heat conductivity of the 
gas, upon the character of the inner surface of the tube, upon the 
rate and the direction at which heat and vibrations are transferred 
between the tube and external objects, upon the pitch and inten- 
sity of the sound, and upon the thickness and diameter of the tube 
(27, 32, 42, 51, 69, 72, 77, 78, 81, 93) # jf the inner surface of the 

tube is smooth, and if the transfer of energy to external objects is 
negligible, the velocity is given by the expression V = T.(l — K/ 
D\/n), where./) = diameter, n = pitch, K depends upon the 
properties of the tube and gas, and V* = velocity in an unlimited 
volume of the gas. Under other conditions, this expression may be 
multiplied by a quantity depending upon the material and dimen- 
sions of the tube, and K may involve D and n. Some observers 
(77,81) claim V = V*(l — K/Dn^), another ( ,08 ) concludes 
that the exponent of n is 0.53. 

For air in iron and in porcelain ( 72 > 93 ), D ^ 4 cm, n = 500, 
600, and “explosion," V differs but little from its value in free air; 
see also ("). When other observations are represented by the 
following equations, 8 has the values tabulated : 

Air in glass, D > 0.6 cm ( 54 , 58 , 69 , 81 )^ y = 331.0(1 — 

0.501/Z)v'n)(l + 8). 


Air in glass, D < 0.4 cm ( 78 ), y = 331.0(1 - 0.441/DVn) X 
(1 + 8 ). 

Air in brass, «Z) > 1 cm («), V = 331.0(1 - 0.362 /Dy/n) X 
(1 + 6 ). 

Air in brass, D < 0.2 cm ( 78 ), V = 331.0(1 - 0.834/Z>Vn) X 

(1 + «). 

C0 2 in glass (®3) f y = 260.0(1 - 0.452/DVn)(l + 8). 

H 2 in glass (93), V = 1249.5(1 - 0.262/Z>Vn)(l + 8). 

Unit of 5 = 0.001; of D = 1 cm; of n = 1 double vibration per 

sec. 


COj in glass 

* * 

Ha in 

glass 


D 

0.21 

0.35 

0.53 

1.02, 

2.11 

0.35 

0.53 

1.02 

2.11 

n 

8 

5 

705 


-0 

-1 

-3 

-1 





1943 

+4 

0 

-2 

-3 

+ 4 





3755 

+6 

4-4 

-1 

-3 

4-5 

-0 

4-1 

-0 

4-9 


Air in glass 

Air in brass 

n 

256 

320 |384| 512 1023|l850|2482|5550 

n 

|256| 384 

512 

D 

8 

D 

8 

imu 



+3 

- 8 





0.099 


0 

0 




+2 

4- 6 





0.148 


-25 

4-16 



4-32 


4-35 





1.17 

0, 



0.68 







-2 


1.95 

-1 



0.93 

4-2 



4- 2 

-0 




3.25 

4-0 



1.3 






4-5 


4-5 

5.41 

4-0 



1.71 

4-1 



0 

-1 




8.82 

0 




0 



- 0 

-2 








5.5 








4-7 
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LITERATURE REFERENCES 

In all literature references cited in International Critical Tables 
the name of the journal or publication is indicated by means of a 
Key number corresponding to the list given below. The numbers 
which follow this key number in a literature citation are, in the 
order named: (1) the volume, (2) the page, and (3) the last two 
figures of the year. Thus 64V, 31: 253; 22, indicates Verslag 
konmklijke Akademie van Wetenschappen te Amsterdam, Vol. 
31, page 253, 1922. Series numbers are not given. Key numbers 
referring to books and other non-serial publications are preceded 
by the letter B, and the volume number is given in roman 
numerals. Thus BIO , IV: 191; 18, indicates Doelter, Handbuch 
der Mincralchemie, page 191 of Vol. 4 of the 1918 edition. The 
Key number 0 is used to indicate “private communication from.” 


DAS LITERATURVERZEICHNIS 

In alien Literaturstcllen, die in I. C. T. verzeichnet sind, ist de 
Name der, Zeitschrift oder der Publikation mit Hilfe einer Schlds 
nelnummcr, entsprechend der unten folgenden Liste, angegeben 
Die Zal.lcn, welche diesen Schltisselnummern bei einem Litera 
turzitat folgen, bedeuten der Reihe nach: (1) der Band, (2) di< 
Suite und (3), die letzten zwei Zahlen des Jahrganges. So bedeute 
z B. 64V, 31: 253; 22, Verslag koninklijke Akademie van Weten 
schappen te Amsterdam, Bond 31, Seitc 253, 1922. Serien 
Nummern werden nicht angegeben. Der Schllisselzahl wird eir 
B vorausgesetzt, wenn sie Bucher, oder eine andre nicht periodisch< 
Veroftentlichung bezcichnet. Die Bandnummer wird durcl 
romische ZifTem angegeben. Es bedeutet z. B. also BlO , IV 
191; 18, Doelter, Ilandbuch der Mineralchemie, Seite 191 des 4 
Bandes, der Auflage des Jahres 1918. Die Schliisselzahl 0 wird 
gebraucht, urn anzuzeigen, dass cs eine “private Mitteilung” ist. 


REFERENCES BIBLIOGRAPHIQUES 

Le nom du journal ou de la publication de toutes les Terences 
bibliographiques citdes dans les Tables Critiques Internationales 
est indiqu6 au moyen d’un nombre-clt correspondant k la liste 
donn6e ci-dessous. Les nombres qui suivent ce nombre-cte dans 
un renvoi bibliographique indiquent dans l’ordre suivant: (1) le 
volume, (2) la page, et (3) les deux demiers chiffres de Pann6e. 
Amsi ^47, 31 : 253; 22, indique Verslag koninklijke Akademie 
van Wetenschappen te Amsterdam, Vol. 31, page 263, 1922. 
Les numdros des series ne sont pas donnds. Les nombrcj-clfc se 
rapportant k des livres ou k des publications non p^riodiques sont 
prec4d6s de la lettre B et le numero du volume est donn6 en 
chiffres romains. Ainsi, BlO, IV : 191; 18, indique Doelter, Hand- 
buch der Mineralchemie, page 191 du volume 4 de l'&lition de 

1918. Le nombre-cl6 0 est employ^ pour indiquer “communi- 
cation priv6e de." 


INDICAZIONI BIBLIOGRAFICHE 

In tutte le indicazioni bibliografiche che si incontrano nelle 
“Tabelle Critiche Internazionali” il nome del giomale o della pub- 
blicazione k espresso con un numero chiave riportato nell’elenco dato 
pifi oltre. I numeri che, nella citazione, vengono dopo il numero 
chiave sono disposti con l’ordine seguente: (1) il volume, (2) la 
pagnm, e (3) le ultime due cifre del millesimo. Cosi 64V , 31: 
253, 22, indica la Verslag koninklijke Akademie van Weten- 

pagina 253, 1922. I numeri di 
sene non vengono dati. Quando un numero chiave d preceduto 
dalla letters B si riferisce a libri o ad altre pubblicazioni non 
periodiche, e il numero del volume viene allora scritto in cifre 
romane. Cosi BlO, IV: 19 1 ; 18, indica Doelter, Handbuch der 
Mincralchemie, pagina 191 del IV° volume dell’edizione 1918. 
Il numero chiave 0 indica “Comunicazione privata da . . . " 


KEY TO THE PERIODICALS 


Data regarding the libraries which receive many of these peri- 
odicals may be found through the following sources: 

United States and Canada: “Periodicals Abstracted by Chemi- 
cal Abstracts, 1926” (Chemical Abstracts, Ohio State Univ 
Columbus, Ohio); “Union List of Serials in the Libraries of the 
United States and Canada, 1927“ (H. W. Wilson & Co., New 

York City); “A Catalogue of Scientific Periodicals in Canadian 
Libraries, 1924“ (McGill Univ., Montreal, Canada) 

Great Britain: “A World List of Scientific Periodicals Published 

in the Years 1900-1921 ” (Oxford Univ. Press, London, 1925- ). 

Holland: “Chemisch Jaarboekje tevens Jaarboekje der Neder- 

landsche Chemische Vereeniging, Vol. 3.“ (Amsterdam, D. B 
Centen, 1920). * 

1. Journal of the American Chemical Society. 

2. Physical Rcvie 

3. London, Edinburgh and Dublin Philosophical Magazine and 
Journal of Science. 

4. Journal of the Chemical Society, London. (Memoirs of tho 

Chemical Society; continued as Quarterly Journal; later 
Journal.) 

5. Proceedings of the Royal Society (London). A. Mathemati- 
cal and Physical Sciences. 


5B. Proceedings of the Royal Society (London). 
Sciences. 

t 


B. Biological 


6. Annales de chimie et de physique. ( Divided into Nos. 14 
and 16 in 1914). 

7. Zeitschrift fur physikalische Chcmie, Stochiomctric und 
Verwandtschaftslehre. 

8. Annalen der Physik. [Journal der Physik, 1790-1794. 
Neues Journal der Physik, 1795-1796. Annalen der Physik, 
1790-1819; Annalen der Physik und der physikalischen Che- 
mie, 1819-1824 (Gilbert). Annalen dcr Physik und Chemie, 
1824-1899 (Poggendorff, Wiedemann). Annalen der Physik, 
1900- (Drudc, Wien and Planck). J 

9. Zeitschrift ftir Elektrochemie und angewandte physikalische 
Chemie. 

10. Tables annuelles intemationales de constantcs et donn^es 
num^riques. 

11. American Chemical Journal. (Combined with No. 1 in 191 4 ) 

12. American Journal of Science. (American Journal of Science 
and Arts, 1820-79; knovm also as Silliman’s Journal of 

Science.) 

13. Annalen der Chemie, Justus Liebig’s. 

14- Annales de chimie. 

16 Annales de physique. 

17. Anzeiger der Akademie der Wissenschaftcn in Wien. Mathe-- 
matisch-naturwissenschaftlichv Klassc. 

18. Archives n£erlandaises des sciences exactcs et naturcllcs. 
Series IIIA (Sciences exactes). 

19. Arkiv fdr Kemi, Mineralogi och Geologi. 

20. Arkiv for Matematik, Astronomi och Fysik. 
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21. Afltrophvsical Journal. 

22. Atti della reale accademia nazionale dei Lincei. (Rendiconti 
classe di scienze fisiche, matematiche e naturali.) 

23. Atti della reale accademia delle scienze di Torino. 

24. Atti del reale istituto Veneto di scienze, lettere ed arti. 

25. Berichte der deutschen chemischen Gesellschaft. 

26. Berichte der deutschen physikalischen Gesellschaft. See 
also No. 96. 

27. Bulletin de la soci£t6 chimique de France. ( Before 1908 was 
Bulletin de la soci6t6 chimique de Paris.) 

28. Bulletin de la soci6t6 chimique de Belgique. ( Before 1904 
was Bulletin de l’association beige des chimistes.) 

30. Bureau of Mines, Technical Papers. 

31. Bureau of Standards, Scientific Papers. ( Continued as 
No. 546.) 

31A. Bureau of Standards, Bulletin. {Continued as No. 546.) 

32. Bureau of Standards, Technologic Papers. {Continued as 
No. 546.) 

33. Chemical and Metallurgical Engineering. {Name changed 
July, 1918 from Metallurgical and Chemical Engineering.) 

34. Gomptes rendus hebdomadaires des stances de l’acad£mie des 
sciences, de l’institut de France. 

36. Gazzetta chimica italiana. 

37. Helvetica Chimica Acta. 

38. Journal of the American Ceramic Society. 

38B. Bulletin of the American Ceramic Society. 

39. Journal of the American Institute of Electrical Engineers. 

40. Journal of the American Institute of Metals. See No. 329. 

4L Journal of the Chemical Society of Japan (Nippon Kwagaku 

Kwai Shi). (Name changed in Jan., 1921 from Journal of 
the Tokyo Chemical Society.) 

41 B. Bulletin of the Chemical Society of Japan. 

42. Journal de chimie physique. 

44. Journal of the Faculty of Science, Tokyo Imperial University. 

46. Industrial and Engineering Chemistry. {Name changed 

Jan., 1923 from Journal of Industrial and Engineering 
Chemistry.) 

46. Journal of the Institution of Electrical Engineers (London). 

47. Journal of the Institute of Metals (London). 

48. Journal of the Optical Society of America and Review of 
Scientific Instruments. 

50. Journal of Physical Chemistry. 

51. Journal de physique et le radium. {Formed from Le radium 
and Journal de physique, th<Sorique et appliqu£e.) 

52. Journal ftir praktische Chemic. 

53. Journal of the Russian Physico-Chemical Society. (Chem- 
ical part.) 

54. Journal of the Society of Chemical Industry. 

55. Kolloid-Zeitschrift. {Formerly Zeitschrift ftir Chemie und 
Industrie der Ivolloide.) 

57. Monatshefte fQr Chemie und verwandte Teile anderer Wis- 
senschaftcn. 

58. Nature (London). 

59. Nuovo C^mento. 

60. Oversikt av Finska Vetenskaps-Societetens Ffirhandlingar. 
{Discontinued with Vol. 64, 1921-22.) 

61. Oversigt over det Kongelige Danske Videnskabemes Selskabs 
Forhandlinger. 

62. Philosophical Transactions of the Royal Society of London, 
Series A, Physical and Mathematical. 

62B. Philosophical Transactions of the Royal Society of London, 
Series B, Biological. 

63. Physikalische Zeitschrift, vereinigt mit dem Jahrbuch der 
Radioaktivittit und Elektronik. 

64P. Proceedings of the Royal Academy of Sciences of Amster- 
dam. 


64V. Verslag koninklijke Akademie van Wetenschappen t 
Amsterdam. 

65. Proceedings of the American Academy of Arts and Sciences 

66. Proceedings of the American Society for Testing Materials. 

67. Proceedings of the Physical Society of London. 

68. Proceedings of the Royal Society of Edinburgh. 

69. Proceedings and Transactions of the Royal Society of Canada. 

70. Recueil des travaux chimiques des Pays-Bas. 

71. Rendiconti dell’accademia delle scienze fisiche e matematiche. 
(Classe della society reale di Napoli.) 

72. Rendiconti reale istituto Lombardo di scienze e lettere. 

74. Revue de mdtallurgie. 

74E. Revue de m6tallurgie, Extraits. 

75. Sitzungsberichte Akademie der Wissenschaften in Wien, 

mathematisch-naturwissenschaftliche Klasse. 

76. Sitzungsberichte der preussischen Akademie der Wissen- 
schaften. 

77. Stahl und Eisen. 

78. Transactions of the American Electrochemical Society. 

80. Transactions of the American Institute of Mining and Metal- 
lurgical Engineers. 

83. Transactions of the Faraday Society. 

86. I niversity of Illinois, Engineering Experiment Station, 
Bulletin. 

88. Verhandlungen der physikalischen Gesellschaft zu Berlin. 
See also No. 96. 

89. Wissenschaftliche Abhandlungen der physikalisch-techni- 
schen Reichsanstalt. 

92. Zeitschrift ftir N angewandte Chemie. 

93. Zeitschrift ftir anorganische und allgemeine Chemie. {Name 
changed in 1915 from Zeitschrift ftir anorganische Chemie.) 

94. Zeitschrift ftir Krystallographie. {Name changed in 1921 
from Zeitschrift ftir Krystallographie und Minerafogie.) 

95. Zeitschrift ftir Metallkunde. {Formerly Internationale Zeit- 
schrift ftir Metallographie.) 

96. Zeitschrift ftir Physik. (Verhandlungen der physikalischen 

Gesellschaft zu Berlin, 1882-1898; Verhandlungen der 
deutschen physikalischen Gesellschaft, 1899-1902; Berichte 
der deutschen physikalischen Gesellschaft, 1903-1919; Zeit- 
schrift ffir Physik, 1920- .) 

97. Zeitschrift fur technische Physik. 

98. Zeitschrift des Vereines deutschcr Ingcnieure. 

99. Zeitschrift far wissenschaftliclVe Photographic, Photophysik 
und Photochemie. 

101. Elektrotechnische Zeitschrift. 

105. Journal of the Society of Glass Technology. 

107. Electrical World. 

114. Electric Journal. 

115. Engineering. 

116. Sibley Journal of Engineering. 

117. Scientific Proceedings of the Royal Dublin Society. 

119. Proceedings of the American Institution of Electrical Engi- 
neers. {Discontinued in 1919.) 

120. General Electric ‘Review. 

121. Electrician. 

125. Archiv far Elektrotechnik. {Supplement to No. 101.) 

126. Bulletin de la soci<H6 fran^aise des tflectriciens. 

128. Journal of the Washington Academy of Sciences. 

129. Transactions of the American Institute of Electrical Engineers. 

132. An ales de la sociedad espaftola de fisica y quimica. 

133. British Association for the Advancement of Science, Reports. 

134. Bulletin de l acaddmie des sciences de Bunion des r^publiquet 
sovidtiques socialistes. (Formerly Bulletin de l'acad4mie 
imperial des sciences de St. Pdtersbourg; name changed in 
1917 to Bulletin de l'acad6mie des sciences de Russie; present 
name dates from 1925.) 
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135. Chemical News and Journal of Industrial Science. (Name 

changed in 1921 from Chemical News and Journal of Physical 
Science.) 

137. Kongelige Danske Videnskabemes Selskab, Mathematisk- 
fysiske Meddelelser. 

139. Fcrnim. 

140. Journal of the Iron and Steel Institute (London). 

141. Journal of Biological Chemistry. 

143. Journal of thp Franklin Institute. 

147. Meddelanden fr&n K. Vetenskapakademiens Nobelinstitut. 

148. Zeitschrift fur die gosarote Kalte-Industrie. 

149. Archives des sciences physiques et naturelles. (Biblioth6que 

britannique, 1796—1815; Biblioth&que universelle des sciences, 
belles-lettres et arts, 1816-1835; Biblioth^que universelle do 
Geneve, 1836-1845; Supplement, it la biblioth£que universelle 
de Geneve Archives des sciences physiques et naturelles, 
1846-1847; Bibliothdque universelle de Gendve. Archives 
des sciences physiques et naturelles, 1848-1857; Biblioth^que 
universelle, revue suisse et etrang&re. Archives des sciences 
physiques et naturelles, 1858-1861; BibliothSque universelle 
et revue suisse. Archives des sciences physiques et natu- 
relles, 1862—1877; Biblioth^que universelle. Archives des 
sciences physiques et naturelles, 1878- .) 

151. M6moires de l'acadfrnie royale das sciences de l’institute de 
France. 

152. Carnegie Institution of Washington, Publications. 

154. Iowa Geological Survey, Bulletin 

159. Science Report* of the T6hoku Imperial University. Series 
I, Mathematics, Physics and Chemistry. 

159B. Science Reports of the Tohoku Imperial University. 
Series III, Petrology, Mineralogy and Mineral Deposit*. 

165. Bulletin intemationale de l’acad^mie des sciences de Cracovie. 
{Name changed to Bui etin intemationale de l’acad&nie Polo- 
naise des sciences et des lettres,) 

166. Science. 

168. Communications from the Physical Laboratory at the Uni- 
versity of Leiden. 

169. Ann ales de l’lnstitut Polytechnique Pierre-le-Grand. P6tro- 
grad. 

170. Memorie della reale accademia nnzionale dei Lincei, Roma. 

171. Sitzungsberichte der Heidelberger Akademic der Wissen- 
schaften. • Mathematisch-naturwi^senschaftliche Klasse. 

Abteilung A. 

172. International Congress of Applied Chemistry. 

174. Transactions of the Royal Society of Edinburgh. 

175. Annales academiae scientiarum fennicae. 

176. Chemisch Weekblad (Amsterdam). 

177. Annales scientifiques de l’universit£ de Jassy. 

178. Archivio di fisiologia (Florence). 

182. Proceedings of the Chemical Society, London. 

186. Bulletin de la classe des sciences, acad^mie royale de Belgique. 

187. Metall und Erz, Zeitechrift ftir Metalhlittenwesen und Erz- 
bergbau, einsc.hl. Aufbereitung. 

188. Nachrichten von der koniglichen Gesellschaft der Wissen- 
schaften zu Gottingen. Gescbaftliche Mitteilungen; mathe- 
matisch-physikalische Klasse. 

189. Centralbl&tt fQr Mineralogie, Geologie und Pal&ontologie. 

190. Neues Jahrbuch ftir Mineralogie, Geologie und Pal&ontologie. 
190B. Neues Jahrbuch ftir Mineralogie, Geologie und Pal&on- 

tologie, Beilage Band. 

191. Bulletin de la society fran^aise de mineralogie. 

192. Metallurgie. {Dialed into Nos. 139 and IST.j 
197. Proceedings of the National Academy of Sciences. 

199. Le Radium. {Merged into No. 51 in 1920.) 

200. Jahrbuch der Radioaktivitftt und Elektronik. ( Combined 
Kith No. 63 in 19*4.) 


201. Proceedings of the Cambridge Philosophical 8ociety. 

202. Zeitschrift ftir physiologische Chemie. • 

204. Photographic Journal. 

205. Biochemische Zeitschrift. 

208. Physica, Nederlandsch Tijdschrift voor Natuurkunde. 

211. Abhandlungen der mathematisch-physischen Klasee der 
s&chsischen Akademie *Jer Wissenschaften zu Leipzig. 

213. Sitzungsberichte der mathematisch-physikalischen Klasse 
der bayerischen Akademie der Wissenschaften zu MOnchen. 

214. Kongelige Danske Videnskabemes Selskab, Skrifter natur- 
videnskabelig og mathematisk Afdeting. 

216. Lunds Universitets Araskrift. 

217. U. S. Coast and Geodetic Survey, Special Publications. 

218. Naturwissenschaftcn. 

219. Proceedings of the Pbysico- Mathematical Society of Japan, 

221. Berichte iiberdie Verhandlungen der sachsischen Akademie der 

Wissenschaften zu Leipzig. Mathematisch-physische Klasse. 
231. U. S. Public Health Service, Public Health Reports. 

236. Ergebnisse der Physiologie. 

237. Fortschritte der Chemie, Physik und physikalischen Chemie. 

241. Proceedings of the American Philosophical Society. 

242. Vierteljahrsschrift der naturforechenden Gesellschaft, Zurich. 

243. Zeitschrift ftir Instrumentenkunde. 

250. Bulletin de stances de la society fran$aise de physique (1873- 

1910). From 1873-1901 as Its Stances; continued as No. 
51.) 

268. Terrestrial Magnetism. 

269. Mineralogical Magazine and Journal of the Mineralogical 

Society. 

273. Berichte der deutschen pharmazeutischen Gesellschaft. See 
also No. 293. 

278. Archiv ftir die gesarate Physiologie deB Menschen und der 
Tiere. (Pflilger.) 

281. Zeitschrift ftir Psychologie und Physiologie der Sinnesorgane. 

284. Journal of the American Pharmaceutical Association. 

285. Journal of Mathematics and Physics (Massachusetts Insti- 
tute of Technology), 

286. Chemical Reviews. 

289. Journal of Physiology. 

290. Journal of the Society of Dyers and Colourists. 

291. Arbeiten aus dem Reichsgesundheitsamte. 

292. Proceedings and Transactions of the Nova Scotian Institute 
of 8cience. 

293. Archiv der Pharmazie. ( Combined with No. 273 in 1984 
form Archiv der Pharmazie und Berichte der deutschen 
pharmazeutischen Gesellschaft.) 

294. M6moires de l’acad6mie de Belgique. 

313, United States Bureau of Mines. Reports of Investigations. 
325. Proceedings of the Royal Institution of Great Britain. 

327. Annales de la soci6t6 scientifique de Bruxelles. 

329. Mining and Metallurgy. (Transactions of the American . 
Brass Founders' Association, 1908-11; Transactions of the 
American Institute of Metals, 1912-16; Journal of the , 
American Institute of Metals, 1917-18; discontinued in 1918 
and incorporated with Bulletin of the American Institute of 
Mining Engineers; with No. 148, 1919 , this Bulletin became 
Bulletin of the American Institute of Mining and Metallurgi- , 
cal Engineers; with No. 154, 1919 } name changed again to 
Mining and Metallurgy.) 

337. Bulletin of the National Research Council. 

338. Researches of the Electro-Technical Laboratory (t'okyo). ■ 

339. American Journal of Mathematics. 

362. Chemick4 Listy pro vedu a prumysl. 

365. Bureau of Standards, Circulars. 

384. Le g£nie civil (Paris). 

403. Proceedings of the Institution of Mechanical Engineers. 
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408. Journal de math&natiques pures et appliqufes (Paris). 
(Continues Annales de math6raatiques pures et app!iqu6es; 
present name dates from 1836.) 

417. Iron and Steel Institute, Carnegie Scholarship Memoirs. 

420. Bulletin de la soci£t6 d ’encouragement pour l’industrie 
nationale. 

422. American Machinist. 

426. Acta societatis fennicae. (1839-1842, Commentationes 
societatis fennicae.) 

427. Physikalische Berichte. (Beibliitter zu den Annalen der 
Physik und Chemie; Beiblatter united with Fortschritte der 
Physik and Halbmonatliches Literaturverzeichms to form 
Physikalische Berichte.) 

428. Repertorium flir Experimental-Physik fiir physikalische 
Technik fiir mathematische und astronomische Instrumen- 
tenkunde. ( Before 1867 was Repertorium fur physikalische 
Technik fur mathematische und astronomische Instrumen- 
tenkunde; also known as Carl’s Repertorium.) 

434. Scientific Transactions of the Royal Dublin Society. 

440. Metal Industry' and the Iron Foundry (London). 

453. Proceedings of the Iowa Academy of Science. 

468. Ivongliga Svenska Vetenskaps-Akaderruen, Handlingar. 

481. Tschermak’s mineralogische und petrographische Mittei- 
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Annual Tables of Constants and 

Numerical Data 

CHEMICAL, PHYSICAL, BIOLOGICAL AND TECHNOLOGICAL 

^ . ' ' 

Published under the patronage of the International Research Council and of the Interna- 
tional Union of Pure and Applied Chemistry by the International Committee appointed 

by the Vllth Congress of Applied Chemistry , London , June 2nd , 1929 


annual Tables publishes each year 
-*** a volume containing the original nu- 
merical data appearing in the world's 
literature for the year in question. 

1. For the period 1910 to 1926 
(Volumes I to VI) Annual Tables 
contains the original experimental 
values upon which the selected data of 
International Critical Tables are largely 
based. 

2. Beginning with Volume VII, the 
volumes of Annual Tables complete 
the record of the most recent deter- 
minations. The text of these later 
volumes is given in both English and 

French. 

3. The collected index to Volumes I 
to V, inclusive, has. been published and 
facilitates the ready location, in these 
volumes, of the data foi> any given 
substance. 

No other work in existence gives 
the complete record of the individual 


minations. 


determinations of all physical constants 
and properties. 

Special offer to subscribers to Inter- 
national Critical Tables 

According to an agreement between 
the International Committee in charge 
of Annual Tables and the Board of 
Trustees of International Critical Ta- 
bles, 2*5% discount is allowed to all 
subscribers of International Critical 
Tables on all purchases of the second 
series of Annual Tables. ‘ 

This discount is applicable as follows: 

For Up to 

Volume VI (1923-1924) 

December 31, 1930 
Volume VII (1925-1926) 

December 31, 1930 
Index (1st series — Volumes I to V) 

December 31, 1930 

Volume VIII (1927-1928) 

June 30, 1931 

Volume IX (1929) Date to be deter- 

Volume X (1930) mined 


(1) Persons, residing in the United States or Canada, 
particulars should write to: 

McGraw-Hill Book Company, Inc. 

370 SEVENTH AVENUE 

NEW YORK, N. Y. 

(2) Persons, residing in any country except the United 
who desire further particulars should write to: 

Mr. Charles Marie, Secretary 

THE ANNUAL, TABLES 
9, RUE DE BAGNEUX, 

PARIS, VI, FRANCE 


who desire further 


States and Canada, 


